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THE SCIENTIFIC VALUE OF ARTIFICIAL SATELLITES * 


BY 


FRED L. WHIPPLE! 


The subject of tonight’s lecture represents to me an unparalleled 
situation in which there are more activity and more interest in antici- 
pation of a scientific event than in the past history of science. I hope 
this is a good omen. Sometimes these events don’t turn out so well, 
but in this case I think we are on good sound ground and we are truly 
going to see an artificial satellite moving about the earth before too 
long. I would not say exactly when, but within a year or two. 

This is rather a remarkable time in the history of the world. One 
is impressed by the mushrooming of science, the accumulation of 
knowledge and its use for practical and sometimes impractical things. 
Today, coming down on the plane, I though about the various rates at 
which progress seems to take place. It must now be something like a 
billion years or so from the time we started out with simple molecules 
which developed into heavy proteins and small celled animals; then 
perhaps four hundred million years or so ago, sizable animal life ap- 
peared on the planet; and finally, a hundred million years carries us 
from the time of the early mammals to the place we are today. If you 
draw this curve, which seems to me very much like the curve of scien- 
tific progress during the last century or two, it is what we call an 
exponential curve. It keeps on getting steeper and steeper as it goes 
on. The scientific progress on this sort of scale will, I think, in the 
course of another 50 years or so, probably be as high above the surface 
of the earth as the satellite we want to talk about. 
* Lecture delivered at the Stated Meeting of The Franklin Institute, Wednesday, April 
18, 1956. The lecture summarized, for Institute members, the proceedings of the morning 
and afternoon sessions of the symposium on ‘“‘Earth Satellites as Research Vehicles,” sponsored 
by the Institute and attended by approximately 300 scientists and engineers earlier in the 
day. The Institute, under the sponsorship of om JouRNAL, published the full proceedings 
of the symposium, in June, as Monograph No. 2 


Ep. Note: Dr. Whipple’s paper was transcribed from a tape recording of his lecture. 
1 Director, Smithsonian Astrophysical Observatory, Cambridge, Mass. 
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Now where do we stand in regard to producing artificial moons 
which revolve about the earth—the artificial satellites? The subject 
of today’s discussion has been what we might do with them scientif- 
ically ; first, however, I'll take just a little time to discuss their present 
status and a bit of their history. 

I may say that to the best of my knowledge, ‘‘flying saucers’’ do 
not represent a manifestation in this direction. All the evidence that 
I can find points against their being inexplicable. In other words, we 
have as yet no artificial satellites or space travel, although there are 
some who would like to interpret “‘flying saucers’’ as such. 

The present satellite program, as you know, was announced by the 
President of the United States last July as part of our International Geo- 
physical Year Program. The IGY, of course, is not a year or a measure 
of time, but a united program among the geophysicists of the world to 
make observations of the upper atmosphere, solar activity, the oceans 
and the other phenomena that are important in the study of the earth. 
The program was initiated by various international societies and in 
this country is sponsored by the National Academy of Sciences. The 
finances for it are provided by Congress through the National Science 
Foundation. In the IGY Panel on Rocketry, of which I have the 
honor to be Chairman, we developed a sub-panel with the code name, 
LPR. LPR, to us, stood for Long Playing Rockets—rockets that 
would go around the earth in a satellite orbit and therefore stay up 
longer than others. The LPR committee looked into the satellite po- 
tentialities, practical and scientific. We sent a favorable report to the 
IGY U. S. National Committee and at that point it rose out of my 
sight to the higher spheres in Washington, out of telescope range. You 
know where it eventually landed ; the President announced our Satellite 
Program last July. 

That program, as it has been set up, is controlled scientifically by 
the IGY committee of the National Academy of Sciences, and finan- 
cially by the National Science Foundation. Our first step was to 
collect evidence to the effect that it was perfectly possible by means 
of modern rocketry techniques to put a small object into an orbit about 
the earth so that it would become an artificial moon. This is possible 
in terms of technology today, without new scientific break-throughs 
and new types of knowledge, but merely through development of what 
we now know. 

It became immediately evident that only the military is now in a 
position to put such an object into an orbit and so the President as- 
signed to the Department of Defense the task of doing two things: 
(1) putting a satellite into an orbit, and, very important, (2) proving 
that they had done so. That assignment in the Department of De- 
fense was then given to the Naval Research Laboratory as Project 
Vanguard, which is headed by Dr. John Hagen, an Astronomer at the 


| 


Aug., 1956.] ARTIFICIAL SATELLITES 97 


Naval Research Laboratory. The Glenn L. Martin Company is the 
primary contractor for the rocketry, but the scientific aspects of this 
program are in the hands of a group called the ‘“‘Technical Panel for 
the Earth Satellite Program’ headed by Dr. Richard Porter of the 
General Electric Company, who spoke here this afternoon. I have 
the honor to be a member of that committee along with six or seven 
others of whom three were speakers today. That panel has the re- 
sponsibility of deciding what scientific research can and should be done 
by means of the first artificial earth satellites. 

I'd like to spend a little time describing this program and what is 
expected, because many of you may have read the newspaper accounts. 
It’s a little difficult to determine from them what the exact situation 
is and how much to read between the lines. The intention of Project 
Vanguard is to put up into a satellite orbit an object weighing 21} 
pounds, probably spherical (at the request of the scientific panel), with 
a diameter of about 20 inches. It should also be a good reflector, 
for a mirror-like surface is desirable on the satellite so that it can be 
observed optically. As to launching, this will probably be done with 
three-stage rockets. The first stage, which drops off, will be very 
large, comprising most of the mass and weighing something like 20,000 
lb. It will go up to an altitude of about 40 miles, with a velocity of 
about 4000 miles per hour, and then fall off. The second stage will 
continue on upward to about 130 miles; the last stage will carry the 
small 21-lb. satellite into an orbit with a velocity of about 18,000 miles 
per hour. It will revolve about the earth in some 100 minutes. The 
plan is to put it into an orbit so that its minimum distance from the 
earth is 200 miles and the maximum distance is 800 miles. 

Launching will take place from the Patrick Air Force Base at 
Point Canaveral, Florida. A little geometry will show how this fact 
affects the inclination of the satellite’s orbit to the earth’s equator and 
what regions of the earth it will pass over. Newton showed that a 
body moving around a spherical earth would move in a plane through 
its center. Consequently the satellite must start out in an orbit whose 
plane passes through the center of the earth and also through Patrick 
Air Force Base. If you can visualize these two planes—one the 
equator of the earth and the other plane going through a point at 
latitude 28° N—you will immediately see that they must be inclined 
at least by the angle of 28°, meaning that the satellite must perforce 
travel in an orbit that is inclined 28° or more to the earth's equator. 
Thus, as it goes around the earth it will pass over all latitudes between 
28° N and 28° S. An attempt will be made to place it in a somewhat 
more inclined orbit, say about 40°, because then it would pass very 
nearly over Philadelphia! My guess, however, is 35°, which will still 
make the object somewhat southerly from Philadelphia when it’s in the 
northern-most part of its orbit. The satellite starts out in a direction 
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parallel to the northern edge of the Bahamas, which stretch out to- 
ward the SE from a point in Florida. 

There are some problems that limit the directions. People say, 
“Why not fire the Satellite in an orbit that goes up over the poles?” 
This would require a northerly (or southerly) original motion toward 
the poles from the launching site. However, the first and second 
stages of the rockets are going to go hundreds of miles and land in 
some spot not completely controlled from the launching site. It might . 
be in the Carolinas or somewhere in Virginia, if we fired north from 
Patrick Air Force Base. But I’m afraid the people there would not 
appreciate having such objects falling down at random on their land. 
And the people in the Bahamas wouldn't like it, either. It’s a little 
easier to get people out of the way when they are in ships on the water 
than it is when they are ensconced on land masses, so it’s much better 
to fire out over the water. Therefore, a polar orbit from Patrick Air 
Force Base is highly unlikely. You can’t fire south, either, without 
getting into trouble; so it doesn’t look as though there would be a very 
high inclination for these first satellites. 

A satellite itself moves around the earth in about an hour and 
forty minutes, during which time the earth turns on its axis about 25°. 
This means, then, that the earth is continuously spinning underneath 
this orbital path which a satellite follows, and so with every successive 
revolution of the satellite it passes over a region of the earth westerly 
from the one before, by a longitude difference of something like an 
hour and a half. As you know, it’s about three hours in longitude 
across the country, three hours of time change, so two revolutions are 
more than enough to carry the orbital path westerly across the United 
States, as seen from the ground. The motion of a satellite is extremely 
rapid. If it is fired from Patrick Air Force Base toward the southeast, 
it will be over Africa in about 20 minutes. It’s incredible how quickly 
an object moving 5 miles a second can get around. 

Now I'll talk about the nature of the satellite. The Department 
of Defense has the problem of putting up a satellite and their intention 
is to be as absolutely sure of accomplishing this as they can. They 
plan to make six “earnest tries.’’ Six times they will make earnest 
efforts to put a 21}-lb. satellite, or its brother, up into an orbit. We 
hope they will be successful with perhaps half of those tries. The 
first time the chances undoubtedly are the lowest—‘‘bugs’’ of some 
sort or another tend to creep in and cause trouble. The second time 
the assurance will be higher and, as time goes on and more tries are 
made, we hope that as many as half of them will be successful. Then 
the IGY hopes to send up six more, making a dozen attempts all to- 
gether ; possibly no two of the satellites will be alike. 

As I said, the Defense Department has to prove that they have put 
one up. How are they going to do this? A 20-in. sphere hundreds of 
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miles away is hard to see. They will put in each satellite a small 
transmitter operated by batteries, probably not solar batteries in the 
first ones, nor ordinary batteries, but super batteries lasting as long as 
possible. This small transmitter will probably operate on 108 mega- 
cycles per second (about 3 meters wave length) which will transmit at 
a phenomenally low power, measured in milliwatts. A very weak lamp 
uses 10 watts of current. Although the radio source is weak in the 
satellite, because they can’t use very much energy from this finite 
battery source, the strength of the system lies in plans for very large 
antennas on the ground, which will capture minute signals. I’ve for- 
gotten how many acres these antennas will cover, but they will be able 
to pick up the weak signal from the satellite every time the satellite 
comes within perhaps 600 miles, and not only determine that it came 
over, but measure where it was to an accuracy of the order of a minute 
or two of arc. That’s the general precision with which they hope to 
observe the satellite by radio techniques. Furthermore, the same 
transmitter will, when requested from the ground, transmit informa- 
tion from a few measuring devices in the satellite. I'll go into that a 
little bit later. 

Now, as you know, there are times when electronics fails. One 
trouble with satellites is that they’re very hard to service. If some- 
thing happens up there in the transmitter, there is not very much that 
can be done about it. This is where the Smithsonian Astrophysical 
Observatory comes into this picture. We have proposed to set up 
gound observing stations so that we can detect a satellite by its re- 
flected sunlight. This has to be done with considerable care and at 
the right moment, because on the bright daylight side of the earth a 
satellite reflects sunlight but you can’t see it and on the dark side the 
satellite will also be in the dark. The only time you can hope to see a 
satellite will be at the twilight period when the satellite is more or 
less overhead and the sun has already set a bit below the horizon so 
that the sky is not too bright. The observer, then, is in the shadow, 
the sky is rather dark, the satellite is up above in the sunshine. At 
that time a 20-in. sphere at a minimum distance of 200 miles will be 
just a hair brighter than the 6th magnitude which, as I’m sure most of 
you know, is the theoretical limit of the naked eye. What does that 
mean? It means that if you go out into beautifully clear country air 
with absolutely clear sky, no moon, no twilight, and you have extra- 
ordinarily good eyes—I’m sure I’ve never seen a 6th magnitude star— 
you will see the satellite with the naked eye, if you know where to 
look and when. When close, 200 miles up, it will move a little over a 
degree per second; that means across the moon’s diameter in half a 
second. However, it doesn’t take much optical aid—binoculars, for 
example—to make a 6th magnitude object really quite conspicuous. 

Thus, a satellite should be readily observable if you know where 
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and when to look through binoculars. We hope to do it. We intend 
to set up two observing programs. I mention the visual one first 
because it’s rather important. Suppose the radio transmitter in the 
satellite doesn’t operate properly in the early stages. It’s going to be 
touch and go to find out just what is happening to the satellite. Here 
it is sent off in an orbit. But the rocketry is not controlled in the last 
stage; it’s sent off just like a 4th of July skyrocket, precisely built, 
however,—but it needn’t go exactly in the direction one wishes. We 
hope the satellite launching will stay within about a degree or so of 
its proper course. Then, by the time it goes around once it can still 
be 60 miles or so away from the direction one expects to see it. So 
that the first few times around—if the transmitter is not functioning— 
there may be considerable question as to what happened to the satellite. 

For that reason, the Astrophysical Observatory of the Smithsonian 
Institution has been assigned the task of organizing the optical pro- 
grams. One important aspect of this task is the organization of the 
non-professional astronomers and other interested observers into groups 
so they can systematically look for the satellite and help us find out 
what happened to it in case the radio tracking did not function. 

There is another time when amateur observations will be of ex- 
treme importance; that is when the satellite is about to come down. 
Although it goes up into the atmosphere above the earth where the air 
density is very low—considerably lower than in the vacuum of a 
thermos bottle—nevertheless, there’s enough air up there to bring it 
down after a while. You've read various accounts in the newspapers 
of how long such a satellite will stay up and you've probably seen that 
these numbers didn’t agree very well. There’s a good reason for that 
because nobody knows. Even given an exact orbit, say 200 miles 
perigee minimum height, 800 miles maximum height, I don’t think 
anybody on the planet can estimate the length of time it will stay up 
within an accuracy better than a factor of 3—and possibly not within 
a factor of 10 either way. We simply do not know the amount of air 
that exists at altitudes of 200 miles and above, to this degree of accuracy. 
My own estimate, and I don’t have any reason to think it’s going to be 
better than any others, is that the satellite will start falling rapidly in 
about a year. Now if that’s 10 times too high, the satellite will start 
coming down in six weeks or so._ If the air is 10 times less dense, then 
our best guess is that it may stay as long as 10 years. 

So there is great uncertainty here. These astrophysical orders of 
magnitude sound fairly definite until you try to put them into time or 
dollars—then the uncertainty begins to show up. Uncertainties of 
only a factor of 2 become pretty important in dollars. In any case, as 
the satellite falls down into the atmosphere, the rate at which it comes 
down, or, in other words, the resistance of the atmosphere, is a direct 
measure of how much air there is up there. Simply by looking at an 
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object—in this case, a sphere with nothing in it at all except its mass,— 
just moving around in an orbit, one can determine the density of air 
at various heights up to approximately 300 miles. Rockets give us 
such data and results have been very surprising up to an altitude of a 
little more than 100 miles. We know that, at that altitude, the air 
density has fallen off by something like 1000 million from the sea level 
value. So the first result, the measure of the air density (air pressure), 
comes from simply watching the satellite. If we knew the composi- 
tion of the air we could also tell the temperature. Both are extremely 
important data about the very high atmosphere. 

I was leading to the point that in the last phases of this fall-in, the 
satellite is going to be changing its orbit very rapidly. First the com- 
puting machines will work on this problem, taking all the observations 
that have been made. The optical observations by the non-profession- 
als, the radio observations that exist, the photographic observations, and 
any others that are made, will all be fed into one of these large mechani- 
cal brains which will predict where the satellite is going to be. This 
works out very well until the very last stages when the changes in the 
orbit are so fast that I don’t think we can keep up with it. Here again 
the non-professional visual observer with his binoculars is of extreme 
value in the scientific aspects of the satellite program. As I said, the 
Astrophysical Observatory of the Smithsonian Institution has been 
assigned the task of initiating an optical observing program. Dr. J. 
Allen Hynek of Ohio State University has joined me in this project, 
heading it as Associate Director. For the non-professional astrono- 
mers, we have asked Dr. Armand Spitz, whom many of you know, to 
head the organization. If any of you would like to get into this program 
go to him or to your local astronomical organization—and volunteer to 
work with that group. Extremely valuable observations can be made 
by groups working in that fashion. 

The problem of predicting where the satellite will be requires quite 
a performance from the computing machines. It takes considerable 
calculation just to predict where it will be at a given instant, such as 
at 12 o’clock noon, Greenwich civil time, on a given day. For ordinary 
astronomical predictions we calculate where a comet is going to be 
once every five days, which is usually quite adequate; a very fast mov- 
ing comet requires a prediction every day. In the case of the satellite, 
predictions are required about once every minute, or 1440 times per 
day—and even then this is not a fine prediction series because in a 
minute the satellite moves 300 miles. We can locate points on the 
earth’s surface 300 miles apart at minute intervals. Those computing 
machines had jolly well better compute an ephemeris position in less 
time than one minute, or we can’t keep up with it. 

I won’t go on in that vein any more except to say that the motion 
of a satellite is quite complicated. The trouble is not that the sun 
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attracts it, for the sun’s attraction is practically the same for the 
satellite as it is for the earth; the same holds for the moon. The 
trouble is that the earth is not a nice sphere with all the mass sym- 
metrically placed about the center. Newton long since showed that 
if you had a sphere perfectly symmetrical about the center, the attrac- 
tion would act as though the entire mass were concentrated at the 
central point. But the earth is in rotation so that it has an equatorial 
bulge; it’s 13 miles greater in radius at the equator than it is at the 
poles. As a consequence, the earth has an extra “spare tire’’ attached 
around its equatorial belt—the sort of thing that happens to some of 
us as we pass into middle years! This extra mass around the equator 
attracts the satellite a little more strongly than it would, had all that 
mass been distributed spherically. This means that the orbital path, 
instead of remaining in a plane with the elongation of the ellipse in the 
same direction, keeps swinging around toward the west. It takes 
something like 40 or 50 days in the earlier stages, somewhat less time 
later on, for the pole or the plane to swing around in a westerly direction 
in this fashion. ‘That’s one complication. At the same time the long 
axis of the orbit will swing around in a forward sense as the satellite 
moves about the earth. Thus the nearest point to the surface of the 
earth moves in the plane around in the eastwardly or positive direction. 

Then there are certain complicated little motions that take place 
so that the path at no time is a nice ellipse. Astronomers always 
talk about ellipses for the motions of heavenly bodies but there are no 
ellipses; they’re always impossibly complex figures as is true in this 
case. One can handle the motion by complicated theoretical methods, 
a long series of expansions or by the computing machines. One of the 
little problems that worries us at the present time is the effect of what 
are known as gravitational anomalies on the earth. This may be a 
new term to some of you but the earth isn’t even a perfect flattened-out 
spheroid. In some places there is a little more mass which attracts 
bodies like the satellite more, and attracts you too. I mean that if 
you're in a positive gravity anomaly you weigh a little more than if 
you were a few miles away where there is a negative anomaly. We 
haven’t quite figured out yet what these effects are going to do to a 
satellite’s motion. They may produce irregularities in the motion, 
which could make it hard for us to predict the motion as accurately as 
we would like. 

Now a bit about the scientific results we expect from the satellite. 
The equipment inside each satellite will measure some physical quantity, 
probably two or three. In the earlier ones there may be devices that 
will measure, for example, the noise when a meteor pings the surface 
of the satellite. These little dust-like particles are not big enough to 
make visual shooting stars before they get into the earth’s atmosphere 
(they are moving along anywhere from 7 miles a second up to 45 miles 
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a second), but, upon striking the surface of the satellite, they will make 
a noise which can be picked up by a very sensitive microphone. Some 
of this work was done by Dr. Lloyd Bohn at Temple University here a 
number of years ago with rockets and I hope that he is going to have 
a device in one of the early satellites to measure the number of these 
dust-type meteors that strike into the earth’s upper atmosphere. 

We would like to know how often a sphere like this will be punctured 
by meteors. I became interested in this just after the war in 1946 
and made some calculations. I’ve been revising them ever since and 
I’m still not sure of the answer. The best way to get the answer is to 
put a little bit of air pressure in the satellite, then add a pressure 
measuring device, which will then give you a record of the pressure in 
the sealed up sphere. If a little hole is punctured by a meteorite, the 
pressure will fall off and by measuring the rate of fall you can deter- 
mine the size of the hole made. 

Then there will be devices for measuring the temperature, to see 
what the solar radiation does. You can also measure other physical 
characteristics of the satellite itself. That type of apparatus will al- 
most certainly go in the first one and the measurements by this equip- 
ment will be sent to the ground by coded radio signals which will be 
picked up by the large antennas. Such a system is called a telemeter 
system. It has been used with great success in the sounding rockets 
in New Mexico and in other such investigations. Ten years ago it was 
a novel device. The Navy was instrumental in building early ones. 
Today it is an extremely reliable system whereby you could read a 
hundred instruments in a large rocket to an accuracy of one per cent, 
perhaps a hundred times a second, and collect all the information on 
the ground by radio. In the satellite system there will be only a few 
measuring devices and they won’t be read so often as that because 
there won’t be enough power. But a number can be read. 

One observation which will certainly be made in one of the earliest 
satellites will be a measurement of cosmic rays. Down here, the 
atmosphere blocks off most of the cosmic rays but the cosmic rays in 
coming through cause secondaries; they hit atoms and break off more 
pieces that go on to strike us at high velocities. Cosmic rays are 
mostly hydrogen nuclei, moving with a velocity nearly that of light, 
but it is hard to distinguish the original ones that come from space 
from the secondaries they make in the atmosphere. This, incidentally, 
is one of the interesting points about the danger of cosmic rays in space. 
You would think that if you’re out in space where you would be exposed 
to the primary cosmic rays, you had better put something between you 
and the cosmic rays. The effect of this would be very much like put- 
ting a window pane between you and a bullet. The bullet might not 
hit you if you didn’t have the window pane there, but the shattered 
glass fragments might be more serious and damaging than the bullet 
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itself. Such is the effect of having a small amount of shielding from 
cosmic rays in space. You're worse off than if you didn’t have any 
at all. . 

One of the major questions is not yet clearly resolved—whether 
some of the weaker cosmic rays come from the sun or whether their 
variations with solar activity are caused by changes in the earth’s or 
the sun’s magnetic field; thus variable magnetism could act as a valve, 
which controls the number that come down where we can measure 
them. If we can get direct cosmic ray measures out in the satellite 
orbit, well above the dense part of the earth’s atmosphere, then we 
can learn a lot about the origin of the cosmic rays and perhaps settle 
this particular problem. At the same time we can measure the par- 
ticles that are coming out from the sun. In recent years it has been 
demonstrated that the sun is shooting off hydrogen atoms,—not merely 
the nuclei as the electrons have to come along too, shooting off these 
hydrogen atoms up to 2000 miles a second and continuously. We used 
to think that space was completely clean, practically free of matter 
altogether. Now we believe that there are perhaps two hundred of 
these atoms at one time in any cubic centimeter-well beyond the earth’s 
atmosphere. More shoot off when the sun becomes active (related to 
sunspot activities and so forth) to produce the Aurora Borealis when 
they strike the upper atmosphere. 

And of course we are extremely interested in the solar activity in 
the far ultraviolet, in fact over all regions of the spectrum. Visual 
radiation comes in wave lengths of light about one 50-thousandth of 
an inch long. We can see through just a little crack in what is called 
the electro-magnetic spectrum, which starts ‘way out in the gamma 
ray region, through the X-rays, the far ultraviolet, the near ultra- 
violet, the violet, the blue, green, yellow, red, deep red and finally 
infrared waves, before we come to the radio range. We can look 
through just a little crack or window in this entire range of energy, 
which is pouring on us from the sun and from the stars. The reason 
that this little window is so narrow is because of absorption by the 
earth’s atmosphere. This atmosphere is very good for astronomers 
but very bad for astronomy. It is the greatest bane to astronomy 
that I know of. If we can get above the atmosphere, all this radiation 
comes pouring into our measuring instruments. The most interesting 
things happen to the sun out in the far ultraviolet where we can make 
no measures whatsoever from the earth’s surface; from rockets, we can 
make measures of perhaps a minute’s duration, but the satellite will 
stay in the sunlight 45 to 50 minutes at a time. We can then find out 
how the sun varies when it changes its light in the far ultraviolet and 
how it produces magnetic storms and the Aurora Borealis that I men- 
tioned. The sun can produce trouble in power lines; it affects the 
ionosphere that reflects radio waves so that it can completely foul up 
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radio communication. We want to find out what is really going on 
in the sun. 

Now the small satellite will probably not carry more than two or 
three of these experiments at a time, because most of the mass has to 
go into the radio equipment, the batteries, and the framework of the 
satellite. If you want to put an experiment into one of these, you are 
perfectly welcome to compete with the others—it will be a very real 
competition. All you have to do to your measuring equipment 
(essentially physical laboratory equipment) is to reduce the weight of 
everything—the equipment itself, plus batteries and all the connec- 
tions—from a ton to 13 ounces, and you might win. That’s the type 
of competition that’s going on now and anybody who knows his way 
around in transistors and miniaturized radio sets has an advantage 
over the others in getting his equipment into this earth satellite. 
Just let Dr. James van Allen of lowa State know of your desire and 
ability to work in this field. Other experiments will be done probably 
two at a time, such as the measurement of magnetic fields around the 
earth, other measurements of light, the composition of earth’s atmos- 
phere, and the amount of light scattered near the sun. 

If we can ever get a camera up there to photograph the stars in the 
far ultraviolet, we are going to find that the sky looks altogether 
different from the way it looks now, photographically or to the naked 
eye. Mr. Robert J. Davis, a graduate student at Harvard, has cal- 
culated what the constellations would look like in the far ultraviolet, 
and he found that almost all of the bright UV stars are in the Milky 
Way, so the Milky Way will be very much more conspicuous than it 
is to the naked eye. The constellation Orion will be just a mass of 
stars. There will be a lot more in the belt; the only old friend you 
will miss is Betelgeuse. Betelgeuse is too red to have much light in 
the ultraviolet, so Orion will be cut off at his feet. On the other hand, 
the Big Dipper will be reduced to two conspicuous stars, so it can’t 
hold water any more. It will be a very interesting day when you can 
see actual photographs made in this far ultraviolet X-ray region, 
reaches of the spectrum that never have been seen or photographed 
by men. 

With reference to this satellite, I’d like to mention some of the 
results that we can hope to get by optical means and to discuss the 
program that we are initiating at the Astrophysical Observatory of the 
Smithsonian Institution. We hope to set up about 12 stations over 
the world utilizing large Schmidt cameras with about 20-in. aperture 
and about 20-in. focal length with a 30-in. mirror. In the stations we 
hope to measure the time accurately to about a 1000th of a second, 
keeping a crystal clock tuned to WWV and then measuring the in- 
stants of the photographs. I won’t go into details of that except to 
say that we believe we can measure across the direction of the path to 
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an accuracy of about 2 seconds of arc. That would be about 1000th 
of the sun’s or the moon’s diameter. Along the direction of motion 
the accuracy should be of the order of 5 seconds of arc. 

The significance of this becomes apparent. Suppose at a given 
moment that we know, from all the observations, the orbital path of 
the satellite to a high degree of accuracy. Then when we know the 
direction to a point in the satellite’s orbit at a precisely determined 
time, we can determine our position on the earth to an accuracy of a 
few feet. In practice we will keep improving our knowledge of both a 
satellite’s orbit and the positions of the observing stations. We hope 
indeed by this method to be able to determine the relative positions 
of about 12 to 15 stations over the earth, with respect to each other 
and with respect to the center of the earth, to an accuracy of some- 
thing like 30 feet out of the 4000 miles to the center of the earth. That 
is about 10 times as accurate as measurements by geodetic surveys and 
we hope then to be able to tie in the surveys made in the United States 
with those made in other parts of the world. Astronomically we can’t 
yet tie those together with an accuracy even as high, perhaps, as 300 
feet. Some islands are off by as much as 2000 feet or more by astro- 
nomical measures. And then we can determine the shape of the earth. 
We can determine the size of the equatorial bulge and find out whether 
the earth is longer in one direction around the equator than it is in 
another direction, to see whether there is a third axis of the earth. 
Then we can determine quantities concerning the gravity, the density 
of material, and isostasy, the plastic flow represented by the way con- 
tinents spring back up after being depressed by ice in the Ice Ages. 
You perhaps know that Finland is still rising That’s the type of 
result that we hope to get from these precise observations. 

I've been asked to report on the day’s proceedings. Homer E. 
Newell of the Naval Research Laboratory opened the morning ses- 
sion with a talk about Project Vanguard and the International Geo- 
physical Year. That’s a long story involving some 43 nations. The 
huge program includes antarctic studies, oceanographic studies, studies 
of the aurora and so forth, and the satellite program is blended into 
that, as I mentioned earlier. 

Then Krafft A. Ehricke, of Convair, discussed aeronautical and 
space medical research with automatic satellites That’s looking for- 
ward to the day when men ride out into space. There are extremely 
important problems of the satellite situation that already exist in our 
aircraft ; men now go far higher than they are able to exist unless they 
take an environment along with them—that is, atmosphere, pressure, 
moisture, and so forth. Studies of that sort can then very possibly 
be made by the satellite program, for future satellite programs. 

Next George H. Clement of the Rand Corporation discussed a 
possible Moon Rocket, and some of the problems, including how you 
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shoot a body out there and how you make it either land on the moon 
or go around the moon so you can photograph the other side. One of 
the very interesting problems of the moon is whether it has any atmos- 
phere at all. Out in space, we could determine whether there is a 
little bit of residual atmosphere—maybe some heavy gas like krypton 
or xenon. We know now that there is less than about 10~”, which is 
one over a million millions as much air on the moon as there is above 
the earth’s surface. So the moon rocket looks like a development that 
will follow very shortly after the first satellites. One of the interesting 
results will be to settle the question of whether maria, or so-called seas 
of the moon, are old lava flows and hard, or whether (as Thomas Gold 
in England suggests) they may be just big bowls filled with dust. He 
warns all travelers to the moon not to set their rockets down in the 
middle of one of the maria because they may settle into a mile deep 
ocean of dust. This would be very undesirable! We should know 
about this question before we send any manned vehicles up there. 

In the afternoon program, the first lecture was by Lyman Spitzer, 
Jr., of the Princeton Observatory, who was discussing astrophysical 
research with an artificial satellite. He stressed particularly the prob- 
lem that I mentioned, of measuring the earth’s density and pressure 
in the high atmosphere, how much air is there, and then went into the 
problem of putting telescopes into satellites. This is a bit farther into 
the future, because the present 21}-lb. sphere, with a 1-lb. allowance 
for an experiment, will not allow much of a telescope. But later on 
we expect to have telescopes there that can be directed. We already 
have them on the rockets and that’s a much more difficult task because 
you have so little time to get the telescope pointed towards the sun. 
With the satellite, then, we shall be able to measure the individual 
stars in the far ultraviolet; a great many results of scientific interest 
will come out of this. 

Just to give you an example, we’re very much interested in the 
radiation of the night sky. When you look at the night sky, you see 
that there’s a certain amount of light. I’m not talking about the 
artificial light you get over a city. At this stage of the game, with 
very simple equipment, one can hope to distinguish among four dif- 
ferent sources of night sky light: light from the upper atmosphere, 
light from the solar system, light from the Milky Way and light from 
the distant galaxies. It may also be possible with rather simple equip- 
ment, to separate these sources in the far ultraviolet and in the near 
ultraviolet. Even in the visual region we could possibly determine 
some answers about cosmology. Are we living in a universe in which 
everything is blowing up and all the galaxies moving away? Are 
galaxies short-lived or, as some of the British suggest, would the sys- 
tem always look the same whether we see it now or ten billion years in 
the past, or ten billion years in the future? We may be able to dis- 
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criminate among some of those theories simply by measuring the 
amount of light in the background of the skyline, down to 5 or 10 per 
cent level of the night sky brightness, the part that comes from the 
very distant galaxies at incredible distances into space. 

Next we heard a discussion by John de Nike of The Glenn L. 
Martin Company on the effect of the earth’s oblateness and atmosphere 
on the satellite orbit. I think I can summarize his results very quickly : 
they are complex! 

Then Lovell Lawrence of Chrysler Corporation discussed what he 
called the ASTRO System, the Artificial Satellite Time and Radio 
Orbit System. He needs three artificial satellites. If you had a ship 
at sea in cloudy weather, by means of a radio antenna and a compli- 
cated system you would be able to determine your position at sea, 
when one of three satellites came over. Even though impracticable 
yet, this indicates, I think, some of the potential future uses of satellites. 

Then Richard W. Porter, who is the head of the Technical Panel 
for the Earth Satellite Program, discussed the very difficult and also 
very important problem of whether it is possible to recover physical 
information from a satellite after it falls through the atmosphere. In 
rocketry this turned out to be fairly simple. One of the first ones 
sent up—a V-2 rocket—had a camera in it in a very strong cassette. 
Pictures were taken from the top of the trajectory and then the rocket 
* came down again. It was going so fast when it struck the surface of 
the earth that it made a hole about 35 ft. deep and 35 ft. across. Out 
of several tons of material they recovered perhaps 200 pounds, not 
including the cassette. The solution of this problem was surprisingly 
simple. The difficulty was that this rocket was streamlined. It’s a 
good idea to have a rocket streamlined when it’s going up, but if it is 
to come down slowly, it should not be streamlined. The simplest way 
to solve this is to blow it in two in the middle. This was done during 
descent and the pieces came down aerodynamically “‘dirty,’’ as Dr. 
Porter calls it. As a consequence they landed at moderately reason- 
able speeds so that the film could be recovered. The problem is a 
little more complicated with the satellite because it has to be kept 
from burning up on the way down. 

Just a word or two about the future beyond this very first step 
that’s being made. ‘The satellites can be divided into classes by weight, 
starting off by say a tenth of this one that is planned—a 2-lb. satellite, 
which is quite worthless. I can’t see any merit in sending one up 
because you can never prove that it has been done and it has no scien- 
tific value. When the order of about 10 or 20 pounds is reached, a 
satellite object can be built which can, at least, be observed and instru- 
mented to some extent. The next step, using more powerful rockets 
and with mastery of the technique, is to send up something about 10 
times as heavy, say 200 pounds. At this stage, perhaps nuclear 
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power supplies can be utilized, so that the power system will last for 
years, even decades or centuries. Or perhaps solar batteries can be 
used to transform solar radiation into electrical energy. Probably a 
transistorized television system can be included to take photographs 
from such a satellite. 

The next step is perhaps the 2000-lb. satellite, in which all of these 
things can be done better through the inclusion of a small physical 
laboratory. At about this size we come, not to the manned rocket, 
but what I like to think of as the puppet-type rocket. A puppet, 
remotely controlled from the earth by radio techniques, can do any of 
the useful things up there that man can do. You see, the senses are 
useless in space, except for sight and touch and, as a consequence, the 
puppet needs only television eyes and a feedback servomechanism. 
Then you can, in effect, be in the rocket by remote control, controlling 
a puppet, not by strength but by radio, to do about anything a man 
can do. This appeals to me because it has not been demonstrated 
how man is going to react to zero gravity fields, which will prevail in 
space. The puppet would probaby be happier working in a vacuum, 
so there would be no need to carry any air up there. I think he would 
be more effective than a man. He could be shut off for a year or two 
and then put to work again later on if there were some need for it. 

I do want to mention a type of scientific result that I think would 
be extremely valuable to all of us when even the 200-lb. satellite per- 
haps becomes possible—research on meteorology and weather condi- 
tions. I think this progress will complete the revolution of meteorology, 
which is now under way in the form of mechanizing the collection of 
data and the calculations of weather forecasts. We have almost 
reached the point where a machine can do better than a man in fore- 
casting weather. I won’t elaborate, but merely note that three-fourths 
of the earth’s surface is covered with water; almost nothing is known 
about the cloud cover over the oceans, and only a very small amount 
over the land. A relatively simple satellite—by television camera— 
can photograph the earth continuously, covering the entire surface 
more frequently than once a day. 

I think the greatest scientific discoveries resulting from the satellites 
will be those we haven’t anticipated. Science has always surprised us 


this way. 
To me the satellite represents the most marvelous scientific develop- 


ment that has happened during my life. 
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High-Speed Printer.—The General 
Electric Company has developed a 
special-purpose, high-speed printer ca- 
pable of turning out more than 2500 
lines a minute. Additional develop- 
mental work could step up the speed 
of the printer to “several hundred lines 
a second,” the company added. 

The revolutionary electro-magnetic 
printer—about the size of a shoebox— 
has been used to print results of nu- 
merical calculations by fast analog 
computers. 

The principle of the new printer 
could be applied to printing such items 
as paychecks or utility bills from light- 
ning-fast digital computers, they added. 

The process, called ferromagnetogra- 
phy, was described by Robert D. Mc- 
Comb of Schenectady, a G-E engineer, 
in a talk before the Rochester section 
of the Technical Division, Photographic 
Society of America. 

McComb said a similar electro- 
magnetic technique has been applied to 
“facsimile” reproduction of pictures, 
line drawings and other irregular- 
shaped lines or characters. 

One such printer and the application 
of ferromagnetography were developed 
in G-E’s General Engineering Labora- 
tory in Schenectady, where pioneer 
work in radio, TV, electronics and 
other technical fields has been done 
through the years. 

McComb said the printer could elim- 
inate a troublesome bottleneck in trans- 
mitting data from speedy computers. 

“Computers can run at fantastically 
high speeds, but the results of their 
computations must be recorded before 
their human masters can use the data,” 
McComb said. 


CuRRENT Topics 


“Lack of a satisfactory outscriber— 
the mechanism that writes out data 
from the computer—has been a limit- 
ing factor in the speed and efficiency 
of the computer, or else has compli- 
cated the computer output data system 
and computer operation.” 

Present-day tabulating machines op- 
erate at about 150 lines a minute, with 
some of the newest ranging as high 
as 900 lines a minute. 

McComb added that he foresaw no 
immediate threat to the modern tele- 
type or printing press “because the 
applications are so different.” 

The ferromagnetic printing mecha- 
nism is contained in a metal box only 
64 in. wide, 5$ in. high and 15 in. 
deep. Inside, McComb said, is the 
equivalent of a linotype machine, print- 
ing press and all accessory equipment 
needed for printing. 

The ferromagnetographic process 
makes a complete cycle during each 
revolution of a magnetic cylinder. The 
basic principle involves these steps: 

1, An image of the lines to be 
printed—numeral, letter, drawing, etc. 
—is formed by magnetizing the out- 
lines on the rotating magnetic cylinder. 

2. Tiny ferromagnetic particles— 
“iron filings”—stick to the magnetized 
area. These particles are black in color 
and become, in effect, the “ink.” 

3. Upon contact with a roll of treated 
paper—heated and containing a special 
wax—pressed against the magnetized 
cylinder, the metal particles are trans- 
ferred to the paper. As the paper 
cools, the particles adhere to the paper 
and are absorbed in it. 

These steps, McComb pointed out, 
“are analogous to plate-making, inking 
and printing in the graphic arts.” 
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OSCULATORY EXTRAPOLATION AND A NEW METHOD FOR THE 
NUMERICAL INTEGRATION OF DIFFERENTIAL EQUATIONS 


BY 
HERBERT E. SALZER'! 


REAL FUNCTIONS 


For f = f(x) tabulated at equally spaced points x;, f, = f(xx), the 
familiar binomial coefficients Fo ) are employed in ordinary extra- 


polation and checking? according to the formula 


for = (— (% ) t (1) 
m=1 

where the remainder A*f; vanishes when f is a polynomial of the 

(n — 1)*® degree. Now one may find also “‘confluent binomial co- 

efficients” or multipliers of both f, and f’, to be utilized in formulas 

similar to (1). 

These osculatory extrapolation formulas are extremely accurate, 
being exact for f any polynomial of the (2m — 1)» degree and otherwise 
having a remainder term that is approximately proportional to A’"f, the 
factor of proportionality being very much less than 1 and becoming 
progressively smaller as ” increases (unlike the comparatively large and 
unchanging factor of 1 for the A*f; in (1)). 

To conform with standard notation, / denotes the tabular interval of 
f(x), Xe = + kh, fe = f (x0 + Rh), =f’ (x0 + kh), and the sub- 
scripts k of f; and f’, will range from — [(m — 1)/2] to [n/2], [uw] de- 
noting the largest integer not exceeding u. Then the osculatory extra- 
polation formulas are obtained from the osculatory interpolation 
formula for f, in (1),* by setting p = [n/2] + 1 to get 

[n/2] 


= (Cif + hDif’r) + Ren, (2) 
k=—[(n—1) /2] 
where 
Ron = fe (&)h*- F,, X—[(n—1)/2] < Xtn/2}5 (3) 


1 Convair, San Diego, Calif. ; formerly, Diamond Ordnance Fuze Laboratories, Washington, 

2 Throughout this article there are references to techniques of interpolation, differencing, 
and numerical integration which might not be all clear to a reader unfamiliar with numerical 
analysis. In such cases, the reader is referred to either of these two standard references: J. B. 
ScARBOROUGH, “Numerical Mathematical Analysis,” Baltimore, Johns Hopkins Press, 1950; 
W. E. Mrznz, “Numerical Calculus,” Princeton, Princeton University Press, 1949. 

3 The boldface numbers in parentheses refer to the references appended to this paper. 
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which is expressible in the more convenient approximate form 
Ron = A**f- Pas (3’) 


and where in both (3) and (3’) F, is the remainder coefficient (given in 
(1)) for p = [n/2]+ 1, namely (n!)?/(2n)!. The quantities C, and 
D,,k = —[(n — 1)/2]to [n/2], were calculated exactly for = 2(1)11, 
using the procedure which is explained in (1) for computing osculatory 
interpolation coefficients, for p = [m/2]+ 1,‘ and they are given in 
Table I, together with F,, the coefficient of Af in (3’): 

Formula 2 has many obvious applications when both f and f’ are 
tabulated together : 


I. Thus, as already mentioned in the first paragraph, it is a much 
more accurate extrapolation formula when compared with the ordinary 
extrapolation formula even for 2m points, as seen at once from the tabu- 
lated values of F,. 

II. Then (2) (after transposing f(n/2),1 to the right side) can be used 
to check tables for errors, just like differencing, but with the following 
two advantages over the latter: 


(a) Theoretically the total number of quantities f and f’ which are 
required for checking at intervals of h is less than the total number of 
quantities f alone at intervals of h, because having both f and ff’ is in 
a certain sense equivalent to f at an average interval of 4/2 instead of 
h. Asaresult not only will there be fewer terms to add together, but 
usually each term will be the product of f; or hf’. by a smaller number. 
Roughly speaking, the advantage is like that in the requirement of 
lower order differences in checking when the tabular interval is halved. 

(b) Also, since the coefficients C, and D, for n confluent points have 
the same order of magnitude as the ordinary extrapolation coefficients 
for 2n points, there is an added advantage in that the D, are multi- 
plied by the h which is usually much less than 1. This reduces the 
error due to round-off of f’, in the use of (2), so that the effect of 
errors in f, might be revealed more clearly, with greater ease in their 
location. 


III. For the numerical integration of differential equations of the 
form y’ = $(x, y), formula 2, with yand y’ replacing f and f’, enables one 
to find from several initial values of y, and y’, = $(x:, yx), 8 = — [(n — 1) 
/2] to [n/2], the next value of y;, say ¥{n/2}41. Then the corresponding 
value of y’tn/2}41 follows from y’ = (x, y). Thus suppose that the 
next y;, is attainable with essentially the same accuracy as the preceding 
values of y,, as determined by estimation of the remainder terms R2, in 
(2) (putting aside for the moment consideration of errors caused by the 
round-off in the initial quantities). Then one sees the great usefulness 

‘In the computation of C, and D;, the author was checked by Miss Isabelle Arsham. 
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of these osculatory extrapolation coefficients as the basis of a very simple 
and direct procedure for the stepwise numerical integration of y’ = (x, y) 
by continuing this process. No differences are needed here. Con- 
tinuation of this process to successive values of y, and y’;, is not an opera- 
tion like “‘lifting by the bootstraps’’ because we are not simply basing 
everything upon the initial values of y, and y’, and merely extrapolating 
indefinitely, since at each stage we are introducing a new quantity by 
using the equation y’ = ¢(x, y). 


But the chief advantage in the use of (2) for numerical integration 
of y’ = $(x, y) over the standard procedures such as Adams-Bashforth, 
Runge-Kutta, etc., is that the latter all seem to be based upon a poly- 
nomial approximation, either Lagrangian or Taylor series, for either y’ 
or y, and in a sense they are inherently of the order of n-point accuracy ; 
whereas here the basis is the 2”-point Hermite osculatory interpolation 
formula which employs both y and y’ (twice as much information within 
the same range of the argument x). For example, the basis of the 
Adams-Bashforth method is an extrapolation from a formula obtained 
by integration of the m-point polynomial approximation for only the y’, 
and the derivation makes no use of the available information in all the 
known values of y. Examination of remainder terms in Adams-Bash- 
forth and other similar methods shows them to be something like a size- 
able fraction of an n** difference, whereas those here are extremely small 
by comparison, ~ F,A*"y, which allows the choice of a much larger 
value of h with consequently fewer total steps and the saving of com- 
putation time and labor. It is likely that in the vast literature contain- 
ing so many different formulas for numerical integration, somebody 
might have already given formulas for integration that follow from 
taking the lowest values of m in (2); but the author is unaware of any 
systematic series of formulas found by applying Hermite’s osculatory 
interpolation formula to extrapolation.® 

However, (2) by itself is not sufficient for most practical problems in 
stepwise integration due to the increasing size of the coefficients C, and 
D, as n increases. Even though the theoretical remainder term Re, in 
(2) is extremely small, in actual use y, and y’, are known only approxi- 
mately, and their round-off errors are multiplied by coefficients that 
become rather large with m. In an example where (2) is employed for 
n = 5, after not too many steps the resulting y, and y’, might be unus- 
ably inaccurate if there were few extra places in the initial values of ,.° 

’ The editors indicated that there was overlapping, to a certain extent, of this idea for 
solving y’ = (x, y) with the work of P. C. Hammer and his associates at the University of 
Wisconsin, citing P. C. HAMMER and J. W. HoLLincswortn, “Trapezoidal Methods of Ap- 


proximating Solutions of Differential Equations,” Math. Tables and Other Aids to Comput., 
Vol. LX, pp. 92-96 (1955). 

6 Of course this same problem exists ni the usual familiar procedures for integration employ- 
ing Ay’:, A*y’:, etc., if those differences are computed from rounded values of y’, so that there 
would not be much, if anything at all, gained by expressing (2) in terms of differences of y, and y's. 
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But if we confine ourselves to the use of (2) for values of nm < 5 (and it is 
hard to conceive of a practical numerical integration problem where the 
size of h requires the use of differences up to A'y), the situation can be 
remedied by the derivation of a series of entirely new type of integration 
formulas that are midway between osculatory interpolation and oscula- 
tory extrapolation, and which are capable of refining the values of 
Y{n/2}+1 Obtained by (2). 

Offhand there appear to be two new types of ‘‘n}-point”’ (that is, of 
accuracy comparable to (2m + 1)-point interpolation) osculatory extra- 
polation formulas that can be derived. The simpler one is based upon 
the function and its derivative at m points and the function alone at the 
(7 + 1). It can be derived from the general divided difference 
formulas by taking confluent divided differences, but leaving the first 
or last, that is, the (2m + 1)‘ point distinct, and its remainder is also 
well-known. But such formulas do not fit into the scheme of refining 
the results of (2) in the stepwise numerical integration of y’ = ¢(x, y) 
as the more unusual type of formula (not even a confluent form of 
anything previously known) based upon the function and its derivative 
at m points and the derivative alone at the very next or (m + 1)* point, 
which we use to evaluate the function at that same (m + 1)** point. 
Such an osculatory formula, strictly speaking, is neither purely extra- 
polatory because we do have some information in the value of the deriva- 
tive at that (7 + 1)“ point, nor is it purely interpolatory because the 
unknown functional value is for a point outside the interval containing 
the arguments where the function is known. Although an explicit 
formula for the remainder term seems somewhat elusive because the 
Rolle’s theorem type of argument appears inapplicable, in all likelihood 
such an ”}-point osculatory formula has a remainder term that is less 
than the A?"f- F, for the n-point osculatory formula. Also, in compari- 
son with the C, and D, in (2), its coefficients are considerably smaller, 
as might be expected from a formula that is more interpolatory in 
nature than (2). 

This latter type of 23-point osculatory formula is ideally suited as a 
refining formula to be used in conjunction with (2) in the numerical in- 
tegration of y’ = $(x, y). Thusafter we find yjn/2}41 from (2) and thence 
y' tn/2141 from the differential equation, a noticeable amount of accuracy 
is lost even in one step when » is larger, especially » = 4 or n = 5. 
But now the use of a refining formula for ypn/2j41(= ftn/j41) like 


[n/2] {n/2]+1 


k=— [(n—1) /2] k=— [(n—1) /2] 


would be expected to yield greater accuracy because it is more inter- 
polatory and it is more like a (2m + 1)-point rather than a 2n-point 


we 
~ 
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confluent formula. But most important and crucial is the much smaller 
size of the coefficients A, and B, when compared with C, and D, in (2), 
with particular emphasis upon the fact that the lesser accurate f’)n/2) 4.1 
(= y'tnlo}41), the only new quantity in (4), is multiplied by ABiaj2j41, 
where / is usually a small fraction of 1, and Byn»/2},1 is around } for 
3<n<5. Thus use of (2) for points followed by (4) for } points 
should yield a refined value for yjn/2)41, and thence y’ tn/2)41, which would 
about restore their accuracy so that this same process, (2), followed by 
(4), can be repeated upon the next set of m consecutive pairs f, and f’,. 
Any doubt as to the adequacy of (4) as a refining formula can be re- 
solved before proceeding to the next stage, by employing it for a second 
time with the newer and more accurate f’ {n/2}41 to make sure that there 
is no further significant variation in f,,/2}41 (more simply, to ascertain 
that 4146 from (2)) — +1 from (4)) } 
is negligible. 

The coefficients A, and B, in (4) were calculated exactly for n = 1 to 
5 by solving the sets of 2” + 1 linear equations formed by taking the 
function f(x) to be x’, 7 = 0, 1,---, 2m, atx =— [(m — 1)/2]to[n/2] 
for f(x) and to [n/2] + 1 for f’(x), at intervals of h = 1. The correct- 
ness of every m-point and 2}-point formula derived for n < 5 was checked 
functionally by examples where f was chosen to be polynomials of every 
degree < 2m — 1 or < 2n, respectively. The results for m = 1 and 2 
are the trapezoidal and Simpson’s rule, respectively, and are not new, 
being included below only for the sake of completeness. But the 
formulas for m = 3, 4 and 5 are apparently entirely new and are exact 
for f(x) a polynomial of maximum degree 6, 8, and 10, respectively. 

The derivation of the formulas (4) beyond nm = 5 seemed hardly 
worthwhile because ” = 5 yields already the equivalent of a 10* 
difference or 11-point approximation, all compressed into a total range of 
5h instead of 104 (which should make it effectively around 1000 times 
as accurate as any 10* difference formula at intervals of 4). Another 
reason for not going further is the increasing size of the coefficients of 
fx and f’,.. For example, consider in nm = 5, Ay = — Ai = 2000/137, so 
that if the first approximations to f; and f’; are not perfect, even though 
hB; = 30h/137 may be a small multiplier for f’; in (4), the 2000/137 
will be responsible for an appreciable contribution to the error in f; 
through magnification of the error in the fo — fi. Still, comparing the 
53-point formula with the 5-point formula, the coefficients A, and B, 
are only around 10 per cent of the C; and D,. 

In actual numerical integration problems the user may find formulas 
(2) and (4), for m = 3 or 4, of much more practical value than for” = 5, 
owing to the considerably smaller values of C, and A;, even though the 
remainder terms for m = 5 are considerably less. In fact, the user who 
tries this procedure for the first time might concentrate on using first 
only n = 3, since it is already considerably more accurate and conveni- 
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ent than most integration formulas in use, and then he might try n = 
for either much greater accuracy or for allowing a larger interval h. 
The following schedule presents the extrapolation formulas 

(‘‘n-point”’ osculatory) with the corresponding refining formulas (‘‘n3- 
point” osculatory) in a form convenient for immediate use, for n = 1 
1-point: f: = fo + hf's 

14-point: fi = fo + +f'1) 
2-point: fz = Sfo — 4fi + 2h{f’o + 2f'1} 

23-point: fe = fo + + + f's} 
3-point : fe = 10f_1 + of 18f; + + 6f’o + 


3 
34-point: fe = fa +2) (fo — fi) + ats) 


2 
4-point: fs = + 64fo — 36f1 — fr + f’_1 + 12f’o + 18f'1 + 4f’2} 


4}-point: fs = fii+ (fo — fe) + + + 16(f’o + f’2) + 36/1} 


131 575 700 
S-point: fe = = fa + 100fo 


+ Shi f’_2 + 20f’1 + 60f’o + + 5f’2} 
5}-point ifs = f-2 + (1625(f_1 — fr) + 2000 (fo fi) 
+ 30h{ (f’-2 + f's) + 25(f’1 + f’2) + 100(f’o +f) }] 


COMPLEX FUNCTIONS 


The method of numerical integration described above for real func- 
tions may be modified to give a newer, more compact, and (in certain 
respects only) more accurate procedure for the stepwise numerical 
integration, over a Cartesian grid of length h, of differential equations 
of the form w’ = ¢(z, w), in a region of the complex plane where w(z) is 
an analytic function. Ina previous paper (2) the author gave a method 
for stepwise integration based upon the integration of a Lagrangian 
interpolation polynomial over a number of points of the grid, employing 
functional values alone. This present method is based upon the Her- 
mite osculatory interpolation formula which is used to extrapolate for 
functional values just outside a single square of the grid. The coeffici- 
ents in these new formulas tend to be somewhat larger than those used in 
(2), so that errors due to approximate entries may tend to propagate at 
a faster rate. But final judgment on that point must be reserved until 
an adequate number of examples are done by both methods, because 
the saving in the total number of computational steps in this newer 
method might still reduce the propagated rounding error to below that in 
(2). On the other hand,the integration formulas are more accurate be- 
cause the approximation is more condensed and not spread out over 
more than a single square for the purely extrapolatory part and still 
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giving 7‘" degree accuracy in w(z),’ whereas in the preceding paper (2) 
the 7‘* or 8 degree approximations were spread out over four squares. 

Instead of systematically tabulating all types of extrapolation 
formulas, with refining formulas to match them, for the former the 
choice was made of the very symmetric-looking 7** degree approxima- 
tion based upon the tabulated values of w(z) and w’(z) at each of the 
corners of a single square. Since we assume that the rather unwieldy 
looking complex integral form of the remainder term (known now for 
the osculatory extrapolation formulas only) is to be negligible as a 
result of such a high degree approximation, the = sign will be used below 
even though it really denotes an approximate equality. Let z, denote 
the grid points z) + kh, where & is a small complex integer, and suppose 
that we know initially w, = w(z,) and, of course, w’, = w’(z,) from 
w’ = $(z,w), at the grid points 2, 21, 3; and 2.,;. Consider the con- 
figuration of dot and cross points which is given below: 


If from the knowledge of w(z,) and w’ (z,) at 3, 21, 3;, and 21, ; we can deter- 
mine w(z,) and w’(z,) at Z2, 324%, 2142; and 22,, the initial configuration is 
repeated a step both to the right and above, so that we can proceed over 
the entire grid, row by row or column by column. To calculate w; = 
w(z;),7 = 2,2 + 7,1 + 2%, or 27, one has the following series of formulas 


which is analogous to (2) above: 


f= + fs), (5) 


where ¥ is for k = 0, 1, 7 and 1 +2. 
k 


But here again the large size of the coefficients C,? and D, in (5) 
makes it desirable to have some series of refining formulas which would 
be analogous to (4) above, for 7 = 2,2 + 7, 1 + 22 and 27, and the most 
fitting appear to be of the following type, of 8*" degree accuracy : 


fi = th (6) 
k k 


where the is still fork = 0, 1,7 and 1 + 7, but the is for k = 0, 1, 
k k 


1 +7 and also j. 
7 The 8th degree refining formulas given here are also based entirely upon the function and 
its derivative at a single square, except for one extra adjacent point. 
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The coefficients C,“ and D,“ in (5) were calculated exactly for 
each j and k by a procedure for complex osculatory interpolation de- 
scribed in (3). The coefficients A,” and B, in (6) were calculated 
exactly for each j and k by setting h = 1 and then by solving four sys- 
tems of nine linear equations with complex coefficients (each system 
corresponding to aj which was 2, 2 + 7, 1 + 27 or 22), by taking f(z) to 
be 2",m = 0,1,---,8,atz = 0,1,7and 1 + for both f(z) and f’(z) and 
also at 2 = j for f’(z) alone. The coefficients in formulas (5) and (6) 
were checked completely, for every 7, by functional checks employing 
f to be polynomials of every degree <7 and <8, respectively. Below 
are given the four osculatory extrapolation formulas, followed by the four 
refining formulas, for 7 = 2, 2 + 2, 1 + 2¢ and 27: 


Extrapolation Formulas 


fe = (— 3 — 461) fo + (72 + 4i)fi + (— 40 — 121) f; + (— 28 + 54d) 
+ h{(6 — 81)f’o + (— 12 + 167) f’1 + (— 8 + 42) + (14 — 22) 

fess = 40 + 121) fo + (— 28 — 54a)fi + (— 3 + 46i)f; + (72 — 4i) 
+ h{(— 8 — 47) f’o + (14 + + (6 + + (— 12 — 167)f'14;} 

= (— 40 — 12%) fo + (— 3 — 467) fi + (— 28 + fi + (72 + 
+ h{(— 4 — 8i)f'o + (8 + + (2 + + (— 16 — 

fr = (— 3 + 46i)fo + (— 40 + + (72 — + (— 28 
+h{(— 8 + 61)f’o + (4 — + (16 — 122)’; + (— 2 + 142) 


Refining Formulas 


he [(— 175 — 600i)fo + (1580 + 60i)f, + (— 460 — 220i)f, 


+ (— 820 + + (44 — 117i)f’0 + (— 176 + 
+ (— 96 + + (234 + + (24 — 


= —~[(— 460 + 220i)fo + (— 820 — 760i)f; + (— 175 + 600%)f; 


+ (1580 — + (— 96 — 28i)f’o + (234 — 
+ (44 + 117i)f'; + (— 176 — 4682) + (24 + 
1 


fussi = [(— 460 — 220%)fo + (— 175 — 600i)f1 + (— 820 + 760i)fi 


+ (1580 + 28 — + (117 + 441) 
+ (— 88 + + (— 468 — 176i) + (7 + J 
1 


fos = 175 + 6001) fo + (— 460 + 2207)f1 + (1580 — 601) f; 


125 
+ (— 820 — (— 117 + 44i)f’o + (28 — 96i)f'1 
+ (468 — 176i)f'; + (88 + + (— 7 + 
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Safe Tongs for Laboratory and 
Shop.—A junior edition of the me- 
chanical manipulator used around 
atomic reactors and laboratories has 
been announced by the Atomic Center, 
New York City. Called “Niptongs,” 
it is designed to grasp and release 
small radioactive or otherwise dan- 
gerous objects at a safe distance from 
the hands. 

Niptongs are used for handling any 
hot, toxic, or radioactive materials of 
small dimensions, For instance, they 
are employed in metal shops for han- 
dling small parts being heat-treated, 
and in chemical laboratories for safe 
carrying of test tubes and beakers of 
corrosive acids and for removing cru- 
cibles from baking ovens, as well as 
in radioisotope laboratories in connec- 
tion with radioactive materials. Addi- 
tional uses are in food handling proc- 
esses, in assembling operations for 
retrieving of small parts, and in many 
other applications where prevention of 
bodily contact, or extension of reach 
is desired. Niptongs are available in 
12, 24, 36, and 48 in. lengths. 

These simple but sturdy tongs con- 
sist of an insulated handle, stationary 
arm, and spring-loaded, movable arm. 
Right angle bends at the ends of the 
two arms act as fingers. They are 
normally held firmly closed by spring 
pressure and are easily separated by 
squeeze-to-release hand action. The 
entire operation is performed with one 
hand, leaving the other free for han- 
dling covers, doors, other equipment, 
etc. 


Ultrasonic Transducer.—The Gen- 
eral Ultrasonics Company of Hartford, 
Conn., announces a new fully-protected 
ultrasonic transducer for cleaning, de- 
greasing, pickling, plating and other 
physical and chemical processes. The 
type T-2 Sonicell * is completely sealed, 
metal jacketed, stainless steel lined and 
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thermostatically protected. Its stain- 
less steel treatment chamber permits 
use of a wide variety of process liquids. 
Provision is made for draining and 
recirculating process liquids during 
operation, 

The type T-2 Sonicell * treatment 
chamber is 20 in. long, 8 in. wide and 
6 in. deep with a liquid capacity of 24 
gal. Its resonant frequency of 20 
Ke./sec. provides maximum cavitation 
energy above the range of human audi- 
ble perception. It is powered by this 
company’s Model 400 Ultrasonic Gen- 
erator which is continually variable in 
frequency from 10 Ke. to 1200 Ke. 
and which has an output of 400 watts. 


Magnetic Bobbin Cores.—A new 
line of tape-wound magnetic bobbin 
cores, with high standard uniformity, 
has been announced by the Electronic 
Instruments Division, Burroughs Cor- 
poration, Philadelphia. Known as 
BIMAGS, the cores are intended for 
use in switching circuits, shift registers, 
coincident current matrix systems, pulse 
transformers, and static magnetic mem- 
ory elements. The high standard of 
uniformity achieved in BIMAGS is 
designed to simplify the task of the 
design engineer in applying magnetic 
cores as working components in elec- 
tronic systems. 

BIMAGS are the result of a long 
range program undertaken by Bur- 
roughs which has included a complete 
study of desired performance ranges, 
and a re-examination of magnetic ma- 
terials and manufacturing techniques. 

A wide range of standard 4-in. and 
!-in. cores are now available in Moly 
Permalloy (thicknesses of 0.00025 in. 
and 0.0005 in.) and Orthonik (thick- 
nesses of 0.00025 in. and 0.0005 in.). 
Other cores of various widths, thick- 
nesses, and bobbin sizes or materials 
are available for special application. 


* Trademark—The General Ultrasonics 
Company. 
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THE RELATIVISTIC LINEAR HARMONIC OSCILLATOR 


BY 
ROBERT PENFIELD ' AND HENRY ZATZKIS? 


In the early years of the Bohr atomic theory, A. Sommerfeld gave a 
derivation of the Kepler motion of the orbital electrons within an atom, 
taking into account the relativistic variability of mass, and thus arriv- 
ing at his determination of the fine structure constant. It is the pur- 
pose of this paper to investigate the effects of mass variability on the 
motion of a mass in the field of an elastic force. Some characteristic 
differences from the behavior of the classical oscillator will appear. 

We shall use the following notation : 


x = displacement from equilibrium position 
a = amplitude of vibration 
Yop = maximal velocity as vibrating mass passes through the 
equilibrium position 
s = elastic force constant 
my = mass of particle, when at rest at equilibrium point 
v = velocity of particle 
AY 
= classical angular frequency = 
0 
t = time 
c = velocity of light 
T = period of vibration 


All other symbols will be explained as they are introduced in the 
context of the paper. 

The most convenient approach is the use of the energy principle 
which holds true in relativistic dynamics also. The decrease in kinetic 
energy L is equal to the increase in potential energy V, where 


1 
L = mec? act (1) 
and 
V = $sx?. (2) 


Applying the law of conservation of energy, we obtain (the changes 


1 Physics Department, Harpur College, Endicott, N. Y. 
2? Mathematics Department, Newark College of Engineering, Newark, N. J. 
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in energy being measured from the equilibrium position as reference 
point) 

AV AL 
or 


1 


1 


We introduce here the amplitude a which is the value of x, when 
v = 0, that is, 


ssa? = myc? 


From Eqs. 1 and 5 it follows that 


Dy w 9? (a? x?) +- 2c? 


2c? (0) 


It is convenient to introduce a dimensionless distance 3, defined by 


s = — and a dimensionless time quantity 7, defined by + = wot. In 
a 


terms of these quantities, Eq. 6 reads, if solved for the ‘‘velocity”’ dz/dr 


cV(1 — 2*)[w2a2(1 — 2?) + 407] (7) 
wo’a?(1 — 2?) + 2c? 


woa?(1 — w?) + 2c? 
dy, 


V(1 — — + 42] 


Equation 8 shows that the time is an incomplete elliptic integral as 
a function of the displacement or conversely, that the displacement is an 
elliptic function of the time. The period of the vibration is given by 
integrating Eq. 7 between the limits z = 0 and z = 1: 


z=1 — 2 
(9) 
Cwo V(1 — — + 4c?] 


4 | 

4 = 

c* 

or 

‘ 

1 sa? wera? + 2c? 
= 1 = (5) 
| Vo? ec? 2c? 

v 

and 
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This integral can be simplified by putting z = sin 6: 


4 cos? 6 + 2c? 


dé. (10) 


This integral can be reduced to a sum of two elliptic integrals, vzz. 


V1 — sin? 0 


x do = (k) — (11) 
Acw 


where 


Ae? + 


k2 


and 


A? = 4c? + w)2a?. 


K is the complete elliptic integral of the first kind and E is the complete 
elliptic integral of the second kind. Equation 11 is similar in structure 
to the formula for the period 7* of a pendulum of length L of finite 
angular amplitude 4: 


_ 20 


K(k’), (12) 


with k’ = sin (5) and 7) = an" = period of a vibration with very 


small amplitude. 

However, there are significant differences between Eqs. 11 and 12. 

In the first place, the period depends on two:different elliptic inte- 
grals. But more important, in the case of Eq. 12, the period 7* de- 
pends only on the amplitude 6) through k’, whereas in the relativistic 
case of Eq. 11, & is not only a function of the amplitude @ but also of the 
classical frequency w» itself. And this holds true even in the lowest 
approximation, when Eqs. 11 and 12 are expanded in a Taylor series 
and only the first term is retained. We obtain then 


37a? 


and 


T* = +58). (14) 


| 
= 
4c 0 
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One can, purely formally, associate with the harmonic oscillator a 

pendulum of same frequency wo. The angular amplitude is then in the 

same lowest approximation 4) = z and Fe = TT This yields in 

0 


place of Eqs. 13 and 14 the expressions 


2 
T=T, (1 + ), (13a) 


(14a) 


If we call T — T,) = AT and T* — Ty = AT™, we see that 


(15) 


which shows that the change in frequency due to mass variability is 
enormously smaller than the one due to the finiteness of the amplitude. 

Finally we can calculate the motion of the particle to the same degree 
of approximation as Eq. 13. We introduce a parameter } of smallness, 
defined by 


(16) 


hence 


2 


(7) 


and if only the first term in the Taylor series is retained, the equality 
k? = )2 holds true. 


If Eq. 8 is integrated, using the same approximation in the expansion 
of the integrand, we obtain 


wot = 0(1 + 32) + sin 28. (18) 
For large values of t, this relation becomes approximately 
wot = O(1 + (19) 


6 = — 29), (20) 
sin = * = — (21) 


x = asin[wo(1 — (22) 


| 
: 
and 
= 
|| 
2c 
: 
or 
and 
that is, 
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This result is in agreement with Eq. 13, as can easily be verified by 
direct substitution. 
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“World Record” for Strength of 
Materials.—A new “world record” for 
the strength of metals has been estab- 
lished by metallurgists at the General 
Electric Research Laboratory, Schenec- 
tady, N. Y. Recent modifications of 
GE’s methods of making “perfect” iron 
crystals have produced tiny whiskers 
with tensile strengths as high as 1,900,- 
000 psi., according to Dr. J. Herbert 
Hollomon, manager of metallurgy and 
ceramics research at the GE laboratory. 

This strength is more than 150 times 
that of ordinary iron crystals and four 
times that of the strongest steel wire, 
Hollomon said. (Tensile strength, 
also known as ultimate strength, is a 
relation between the maximum load 
the material can support and the cross- 
sectional area of the test sample. ) 

Hollomon explained today that al- 
though present perfect crystals are too 
small to be “practical,” recent studies 


have shown that there “is a possibility 
that we will be able to make large crys- 
tals free of defects—and thus equally 


” 


strong. 

“Crystal-ball gazers, including some 
leading scientists, have based many of 
their prophecies for the future—for air- 
craft, rockets, skyscrapers, everything 
made of metal—on the hope that such 
superstrong materials could be made,” 
Hollomon said. “The day of the wire- 
like girder and the indestructible auto- 
mobile is a long way off, but the recent 
work of our group shows that it may 
someday come.” 

Credit for the most recent achieve- 
ment in perfect crystals was given by 
Hollomon to Sidney S. Brenner, who 
works in the Laboratory’s chemical 
metallurgy section, headed by Dr. 
David Turnbull. 
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General Electric scientists first an- 
nounced two years ago that they had 
made extremely strong iron whiskers. 
Subsequently the methods of “growing 
the whiskers” have been adapted to a 
variety of other metals, including gold, 
silver, platinum, nickel, and copper. 
Copper crystals have been made with 
tensile strengths of 600,000 psi., 20 
times as strong as ordinary annealed 
copper. 

The newest iron crystals, less than 
an inch long and not as big around as 
a human hair, have nearly twice the 
strength of the earlier laboratory-made 
iron whiskers. 

Some other typical tensile strengths 
for well known materials are: 


Psi. 
13,000 to 33,000 
40,000 
70,000 
75,000 
40,000 to 330,000 
390,000 
600,000 


Cast iron 

Aluminum wire 

Copper wire, hard drawn 
Bronze 

Steel 

Piano wire 

Tungsten wire (maximum) 


“Metals are ordinarily from 10 to 
1000 times weaker than they theoreti- 
cally should be,’ Hollomon said. 
“This is due to imperfections in the 
crystals that constitute their basic 
structure. In the so-called perfect 
crystals, imperfections are almost elim- 
inated, and metals achieve strengths 
approaching those indicated by theory. 

“Current theory is that the maxi- 
mum strength for iron should be in 
the vicinity of 2 to 3 million psi.; thus 
the recent achievement of making iron 
crystals with strengths of 1,900,000 
psi. is a long step forward and an 
extremely significant accomplishment,” 
he added. 
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MATRIX THEORY OF SKIN EFFECT IN LAMINATIONS 


BY 
LOUIS A. PIPES! 


SYNOPSIS 


This paper presents a mathematical technique for determining the magnetic and 
electric field intensities and the current density in plane conducting metal plates of 
constant permeability produced by an external impressed alternating magnetic field. 
The fundamental Maxwell field equations are used as the basis of the analysis and 
expressions for the amplitudes of the fields and currents are written in matrix form. 
It is demonstrated how the field and current distribution may be simply and systema- 
tically determined in composite laminated plates such as those used in transformers by 
a simple matrix multiplication procedure. The technique simplifies the calculations 
involving skin effect and magnetic shielding. 


I. INTRODUCTION 


When the permeability of a plane homogeneous conducting slab of 
metal is constant, independent of the field strength, the eddy currents 
induced in the slab by time-varying impressed magnetic and electric 
fields can be calculated accurately (1-4).2. The effect of these eddy 
currents is to shield the material of the slab and reduce the intensity of 
the electric and magnetic fields in the interior of the slab so that the 
electric and magnetic fields are more intense near the surface of the slab. 
This phenomenon is known in the electrical literature as ‘‘skin effect.” 

_ The computation of the current density and the electric and magnetic 
fields in the interior of a semi-infinite homogeneous slab produced by a 
harmonically varying magnetic field at its surface is a relatively simple 
matter. The computation of the current density and field distribution 
inside a plane slab of metal having a laminated structure, is however, 
very tedious (5). 

In the present paper, a method for the calculation of the field and cur- 
rent distribution in composite slabs is presented. The method is based 
on a matrix multiplication procedure and greatly reduces the amount of 
labor involved in the computations. 


Il. THE BASIC FIELD EQUATIONS 


Consider an infinite slab of material of thickness S and of electric 
conductivity 0, magnetic inductive capacity uw, and electric inductive 


capacity K. The magnetic intensity H, the electric intensity E, and the 
current density J in the slab satisfy the basic Maxwell equations of 


1 University of California and U. S. Naval Ordnance Test Station, Inyokern, China Lake, 


Calif. 
2 The boldface numbers in parentheses refer to the references appended to this paper. 
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electromagnetic field theory. In a rationalized MKS system of units 
(6), these equations have the following form, 


(1) 
(2) 


Since the slab is assumed to be a homogeneous isotropic medium, we 
have the additional relations, 
D = KE 
B= nH (3) 
J = cE. 


In this system of units we have, 


= the electric intensity (volts/meter) 
= the magnetic induction (webers/meter) 
the electric displacement (coulombs/meter?) 
the magnetic intensity (amperes/meter) 
= the current density (amperes/meter?) 
the electric conductivity (1/ohm-meter) 
K,Ko = the electric inductive capacity of the slab 
ro = the magnetic inductive capacity of the slab 
the dielectric constant of the slab 
the permeability of the slab 
8.85 X 10-” (farads/meter) 
X 10-7 = 1.257 X 10-* (henrys/meter) 
charge density (coulombs/meter’). 


B 
D 
A 
J 
K 
K 


y 


Fic. 1. Infinite slab of thickness S. 
Let a magnetic field in the y direction (see Fig. 1), of the form, 
A = jH, (4) 


oB oD i 
XE ot’ x J+ ot 
V-B=0, V-D=p. 
| 
x 
z 


Aug., 1956.] Errect 1N LAMINATIONS 129 


where j is a unit vector in the y direction, be applied to the slab of Fig. 1. 
Let the magnetic intensity H/, be a periodic quantity in time whose 
amplitude is a function of the x coordinate alone so that H, has the 
following form, 


H, = H(x) cos (wt) = Re H(x)e™*. (5) 


In Eq. 57 = (— 1)}, e is the base of natural logarithms and Re de- 
notes ‘‘the real part of.” The second Maxwell equation (1) may be 


written in the form, 
VX A= (6) 
It can be shown (7) that if the frequency f of the oscillation of H,, 
f = w/2zx of the impressed magnetic field is such that the wave-length 
d given by, 
= c/f = 2.998 «K 108/f (meters) (7) 


is large in comparison with the thickness of the slab, then Maxwell’s 
‘displacement current’? 0D/dt may be neglected. In such a case, 
Eq. 6 may be solved for the electric intensity E in the following form, 


k aH, 


(8) 


E = (V X A)/o = 
where k is the unit vector in the z direction. The electric intensity 
therefore has the magnitude, 


_ 10H, 
Ox’ 


E, (9) 


The first Maxwell equation (1) may be written in the form, 


OE, oH . 0H. 
V X = vx(kE,) =—-j (10) 


where uw is the magnetic inductive capacity of the slab. Hence as a 
consequence of Eq. 10, it follows that, 


dE, 


(11) 


Equations 9 and 11 serve to determine the magnetic and electric 
fields in the interior of the slab in terms of the fields impressed at its 
surface. Associated with the electric field E, in the slab there exists a 
current density of magnitude, 
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0H, 
Ox 


(amperes/meter?). (12) 


This is the magnitude of the sheet of alternating current in the in- 
terior of the slab. 


Ill. THE SKIN EFFECT IN A SINGLE SLAB: THE TRANSFER MATRIX 


In order to determine the electric and magnetic fields and the current 
density in the interior of the slab of Fig. 1 produced by an impressed 
oscillatory magnetic field on the surface x = 0 of the slab of the follow- 


ing form, 
(H,)z-0 = H, cos (wt), (13) 
let 
H, = Rel H(x)e*] (14) 
and 


E, = ReLE(x)e*]. (15) 


If Eqs. 14 and 15 are substituted into Eqs. 9 and 11, the resulting 
equations may be written in the following form, 


(16) 


(17) 


E(x) may be eliminated between (16) and (17) and the following equa- 
tion obtained, 


eH 
dx? = jwuol. (18) 


The general integral of this equation is 


H(x) = A cosh (ax) + B sinh (ax), (19) 


where A and B are arbitrary constants and the quantity a is given by, 


a = (jwuo)! = (14+ (20) 


where 


k = (wyo/2)'. (21) 


As a consequence of (16), E(x) may be written in the form, 


E(x) = a = : [A sinh (ax) + B cosh (ax)]. (22) 


130 
J,=0cE,= 
E 1 dH = 
x) =-— 
=. 
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Let the following boundary conditions be assumed for H(x) and 
E(x), 
H(0O) = E(O) = Fi. (23) 


In terms of these boundary conditions, the following values of A and 

B are determined, 
Ey 


A= B= (24) 


The expressions for /7(x) and E(x) given by (19) and (22) may be 
written in the convenient matrix form (8), 


H (x) 


cosh (ax) m sinh (ax) 
| | 


sinh (ax) 
m 


H, 
cosh (ax) E, | (25) 


m = = (o/jwy)!. (26) 


If x = S, Eq. 25 gives the following values for H7(S) = H, and 
E(S) = E,, 
cosh (6) m sinh (6) 


cs anh (©) cosh (6) | (27) 


6 = aS = S(jwuc)}. (28) 


where, 


H, and E, are the magnitudes of the magnetic and electric intensities at 
the surface x = S of the slab. 
The matrix, 
cosh (8) m sinh 


[T] = (6) cosh (6) (29) 


will be called the ‘‘transfer matrix’’ of the slab. This matrix has the 
following inverse, 
cosh (@) — msinh (6) 
— 


(30) 


Equations 25, 27 and 30 are very useful for the computations of the 
electric and magnetic fields inside a single slab when the field distribution 
at its surface is given. It will be shown in a later section that by means 
of matrix multiplication of transfer matrices the field distribution in 


: 
BA 
where 
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composite slabs of laminated type may be obtained with an economy of 
effort. 


IV. FIELD DISTRIBUTION INSIDE A VERY THICK SLAB 


The well-known result for the field distribution inside a very thick 
slab will be obtained by specializing the results of Section III. Ina 
very thick slab S is large and it can be assumed that the quantity 6 


defined by 
9 =aS = S(1 + j)(wyo/2)! (31) 


has such a large real part that the following approximations can be made, 


sinh (6) = (32) 


If these approximations are used in (27) and the ratio of 17; to Ey 
is computed, the following result is obtained, 


(33) 


If E, = — H,/m is substituted into (25) and the matrix equation is 
expanded, the result is, 


H(x) = Hye-*, (34) 
and 


—ar 


The magnetic field in the interior of the slab produced by the im- 
pressed magnetic field 7, = H, cos (wt) on the surface x = 0 of the 
slab, is given by Eq. 14 in the form, 


H, = Re[Aye-**"+%e!] = Hye-** cos (wt — kx). (36) 


The induced electric field is given by Eq. 15 in the form, 


E, = ReLE(x)e'] = — cos (wt — kx + 1/4). (37) 


The current density J, is given by the equation, 
J, = cE, =— (wyc)'H,e-* cos (wt — kx + 1/4). (38) 


These are the well-known results for the induced fields and current 
densities in a very thick slab produced by an impressed alternating 
magnetic field at its surface. 


I 7 1 : 
=— mM. |_| 
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V. FIELD DISTRIBUTION IN A PLATE OF FINITE THICKNESS 

Consider a plate of finite thickness S as shown in Fig. 1, and let an 

alternating magnetic field in the y direction be impressed at the surface 
of the plate so that, 


= Hy cos (wt) and (H,)z-0 = Hocos (wt). (39) 


It is desired to determine the magnitudes of the magnetic and electric 
fields inside the plate and to determine the current density induced 
inside the plate. To facilitate the algebra, write the transfer matrix 
(29) in the following form, 

cosh (6) m sinh (6) AB 
[7] = sinh (0) @ = CA (40) 


In terms of the elements A, B, C of the transfer matrix, the complex 
amplitudes E,; and E£, of the electric intensities at the surfaces of the 
plate may be written in the form, 


(41) 


This follows from (27). In this case, since H,; = H, = Hy (41) 
gives the following result, 


=- tanh (6/2). (42) 


In terms of Ho, the complex amplitudes of the magnetic and electric 
fields in the interior of the plate are given by (25) in the form, 
H(x) = Hy [cosh (ax) — tanh (6/2) sinh (ax) ] 


E(x) = = [sinh (ax) — tanh (0/2) cosh (ax) ]. (43) 


The complex amplitude of the magnetic field at the center of the 
plate is determined from (43) in the form, 
H,, = H(S/2) = Hy [cosh (6/2) — tanh (6/2) sinh (6/2) ]. (44) 
After some reductions, this expression may be writtin in the form, 


H,, = H,/cosh (6/2). (45) 


Since, 6 = kS(1 + 7), we have, 


: 
is 
| 
Ag 
ies 
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cosh (@/2) = cosh (kS/2) cos (RS/2) + 7 sinh (RS/2) sin (RS/2) (46) 


and 
[cosh (&S) + cos (RS) }} 


(47) 


lcosh (0/2)| = 


Hence if (47) is substituted into (45) the result is, 
= V2H ve-*/[cosh (kS) + cos (RS) }}, (48) 
tan (¢) = tanh (RS/2) tan (RkS/2). 
Therefore the instantaneous value of the magnetic field at the center 
of the plate is 
(H,)2-s)2 = V2H, cos (wt — $)/[cosh (RS) + cos (kS)]}! (49) 
k = (wyuo/2)'. 


The complex amplitude of the current density in the interior of the 
plate is given by the equation, 


J(x) = eee [sin (ax) — tanh (6/2) cosh (ax) ]. (50) 


VI. THE TRANSFER MATRIX OF AN INSULATING SLAB 

Consider an infinite plane slab of thickness S and magnetic inductive 

capacity » but of zero conductivity. The Maxwell equations (1) for 
the field distribution in such a slab reduce to 


vx VxA=0. (51) 


In terms of the components £, and /H/,, these equations reduce to 
dE, oH, OH, _ 
ax” at’ ax 
In terms of the complex amplitudes E(x) and J/(x), Eqs. 52 give the 


following relations, 


If the boundary conditions, E(0) = E,, E(S) = E., H(0O) = Mi, 
H(S) = Hy» are introduced, the integrals of (53) give the following 


results, 
H, = E: = jwpSH + (54) 


= 

x 
| 


Aug., 1956.] SKIN EFFECT IN LAMINATIONS 


These equations may be written in the following matrix form, 


H,|_|1 0 A, 
The square matrix, 


is the transfer matrix of the insulating slab. The transfer matrix of an 
insulating slab may also be determined by allowing ¢ — 0 in the general 
transfer matrix (29) by a limiting process. To do this, it may be 
noticed that, 


Limit = 0, Limit sinh (0) = jwuS, Limit sinh (0) = 0. (57) 


a—0 


The transfer matrix of an insulating slab is useful in calculating the 
fields and current densities in laminated composite plates composed of 
layers of insulating and conducting materials as used in the cores of 
transformers. 


VII. THE SKIN EFFECT IN COMPOSITE LAMINATED SLABS 


The full power of the matrix formulation of the equations that 
govern the distribution of the fields and currents inside blocks of metal 
becomes apparent if it is desired to compute the field and current dis- 
tribution in a composite block composed of parallel slabs or lamina- 
tions of different electrical characteristics as shown in Fig. 2. If ux 


#1 
#2 
#3 


| 
Fic. 2. Composite slab. 


(55) 
ge 
cr 
y 
H 
l 
| | 
x > H 


136 Louis A. PIPEs (J. F. 1. 


and o, denote the magnetic inductive capacity and the conductivity of 
the k** lamination and S, its thickness, then the square matrix, 


cosh (@,) m, sinh (@,) 

=| sinh) (58) 
mM, 

where, 


= me = (59) 


is the transfer matrix of the k** lamination. Let a column matrix (F;) 
be defined by the equation 


= (60) 


where H;, is the complex amplitude of the magnetic field and EF, is the 
complex amplitude of the electric field at the interface between the kt 
and the (k + 1)* laminations, we have as a consequence of (27), 


(Fras) = (Titi & = 0, 1,2, 3,--- (a — 1). (61) 

It can be shown from general electromagnetic theory (4) that the 
tangential components of the electric field Z and of the magnetic field 
are continuous at the interfaces between laminations and hence (61) 
may be used to obtain the complex magnitudes of the electric and 


magnetic fields E, and H, by a process of matrix multiplication. For 
example, we have as a consequence of (61), 


(Fi) = (Fo) (62) 
(F:) = [T2](F)). (63) 
Hence if (F:) is substituted from (62) into (63), the result is 
= [T2 (Fo). (64) 
If the process is continued, the result is 
(Fa) = (Fo). (65) 


The square matrix, 
(66) 


is the transfer matrix of the entire slab of nm laminations. The external 
fields of the slab Ho, Eo and H, and E, are related by the equations, 


= 
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H,|_|A | Ho D —B| (67) 
If the complex amplitudes of the magnetic field 1, and 77, at the sur- 


faces of the composite slab are given, then the amplitudes Eo and E£,, 
of the electric fields at the surfaces of the slab are given by 


Block Composed of Sandwich Laminations 


Consider a composite slab of a “‘sandwich type”’ as shown in Fig. 3. 


y 
WO uct or 


Insulator 


COs tor 
x 


Fic. 3. Sandwich slab. 


The transfer matrix of this slab is, 


[cosh (0) m sinh 4 ; (0) msinh 


(6) cosh (@) 


-[4 


where, 


cosh (6) 


@ = S.(jwuo)', m = (o/jwu)). (70) 


S, and S; denote the thicknesses of the conducting and insulating slabs, 

respectively. The over-all transfer matrix [7] of a plane block com- 

posed of m insulating slabs and m conducting slabs of thicknesses 
25, 


cosh (0) msinh (@) A BY" | cosh (6) msinh (6) 
m m 


In order to raise the middle matrix of the chain of matrices in (71) 


to the power 7, let 
a = cosh—!(A) (72) 


f 

(69) 
ae 

71 
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Zo = (B/C)}; (73) 


cosh (an) Zposinh (an) 
=] sinh (am) 


(74) 


cosh (an) 


This matrix result is well-known. A simple proof of it is found in 
(9). Once the over-all transfer matrix of the entire composite block is 
obtained, the field distribution inside the block produced by impressed 
alternating magnetic fields at its surfaces may be calculated by a 
sequence similar to that of (61). 


VIII. CONCLUSION 


It has been demonstrated in the above discussion that the formula- 
tion of the basic equations that govern the phenomenon of ‘‘skin effect"’ 
in plane conducting slabs of metal in matrix notation, reduces the labor 
involved in the calculation of the electric and magnetic field distribution 
in these structures by a significant degree. 

The power of the matrix formulation is particularly evident in the 
calculation of the field and current distribution in laminated blocks. 
By the use of matrix algebra, the computations are reduced to matrix 
multiplication and the labor of evaluating the arbitrary constants at 
the interfaces is avoided. 
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TORQUE ANALYSIS OF THE SCHRAGE 
COMMUTATOR MOTOR 


BY 
H. P. BHATTACHARYYA ! 


ABSTRACT 


A relation between the torque and the primary leakage reactance of the Schrage 
commutator motor is pointed out and it has been shown that an increase in this pri- 
mary reactance results in an extension of the supersynchronous zone with no signifi- 
cant effect on the subsynchronous region. 

Assuming a linear relation between the slip and the brush separation the expres- 
sion for the torque has been maximized. Quadratic equations in the variable “slip” 
have been obtained and the physical significance of the optimum roots has been dis- 
cussed in detail. 


INTRODUCTION 


The torque analysis of the Schrage motor (5)? as developed in this 
paper will perhaps merit a short description of the motor in the begin- 
ning in order to introduce the results of the analysis. The Schrage 
motor is a commutator induction motor which combines speed control 
and power factor improvement facilities. The commutator with the 
lap winding is in parallel with an induction motor and this has necessi- 
tated the machine to be rotor-fed. This special feature of the machine 
has given it a shunt characteristic. The basic design features of it are 
as follows: The primary, an usual three-phase winding, is built on the 
rotor core into which is also housed the commutator and the drum type 
lap winding. Asa rule, this compensating winding is on the top of the 
primary in the same rotor slots and thus they have practically no leakage 
among themselves. For a three-phase winding the number of brushes 
on the commutator will be six, as each brush is broken up into halves. 
One set of three halves will be put on one brush rocker and the other set 
of three halves on a separate rocker. The secondary winding is placed 
in the stator in contra-distinction to the usual practice and the three 
phases of the stator are kept entirely separate one from another and six 
leads are brought out for connection to the six half-brushes. 

In the case of an ordinary induction motor the rotor runs in the same 
direction as the field due to the stator winding, but, here the rotor which 
carries the primary runs against the primary field, so that at synchron- 
ous speed there is no relative motion of the primary field and the second- 
ary conductors. Since the air gap field is produced from the primary 
field and the motion of the primary rotor conductors, this field can stand 


1 Defence Science Organisation, New Delhi, India. 
* The boldface numbers in parentheses refer to the references appended to this paper. 
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still in space or rotate forwards and backwards depending upon the 
direction of rotation of the rotor and its speed of rotation. Leaving 
aside the case of reverse speed running, normally there will be two speed 
zones, namely, the subsynchronous and supersynchronous with a syn- 
chronous speed at the boundary. This would also be apparent from 
the fact that energy transference can occur from and to the secondary 
via the brushes because the voltages at the half-brushes and at the 
stator terminals are at the same slip frequency though, of course, the 
voltage generated in the lap winding will be of the supply frequency. 
In the case of energy being transferred from the secondary the speeds 
will be subsynchronous and when energy will be transferred to the sec- 
ondary the speeds will be supersynchronous. In both these speed 
ranges the e.m.f.’s across the brush halves and the stator terminals will 
be of identical polarity and hence will oppose* each other. This ex- 
plains why it is necessary to cross over the half-brushes in the supersyn- 
chronous zone. At subsynchronous speeds the secondary e.m.f. ex- 
ceeds the e.m.f. between pairs of half-brushes in order that the lap- 
primary combination may accept energy from the stator and at super- 
synchronous speeds the reverse thing happens, that is, the brush e.m.f. 
now exceeds the secondary e.m.f. The half-brushes are short-circuited 
at a speed little below synchronous when the machine runs as an ordi- 
nary induction motor. At the synchronous speed the secondary e.m.f. 
will be zero but the brush e.m.f. will be finite and will deliver d-c. current 
to the stator. The power factor improvement of the machine is auto- 
matic with the increase of speeds because of the fact that the brush 
e.m.f. leads on the secondary e.m.f. due to leakage reactance between 
primary or lap and secondary windings but, however, an artificial im- 
provement is still possible by displacing the center line of the brush 
gear from the common center line of the primary and the secondary. 

With this background, it has been possible to show that the torque 
of a Schrage motor is related to its primary leakage reactance and this 
torque can also be maximized with respect to the slip of the machine. 
A short account of the method and results obtained is introduced below 
before the actual derivations are shown. 

The torque of a Schrage motor is found to be related to the primary 
leakage reactance and with all other variables assumed constant it 
increases with the increase of this leakage reactance at subsynchronous 
and supersynchronous speeds. Since the primary leakage reactance 
has influence over the secondary induced voltage, then the effect of an 
increase of the primary leakage reactance would be larger torques for 
the supersynchronous zone, or, in other words an extension of this zone 
with no significant effect on the subsynchronous zone. 


3 There is a case (3) when these two e.m.f.’s can, instead, add each other instantaneously. 
This occurs in a narrow zone when the brushes have just crossed over, but the speed of the 
machine is still subsynchronous. 
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The expression of torque has been maximized when slip is taken pro- 
portional to the amount of brush separation for both subsynchronous 
and supersynchronous speeds. A relationship of the type S = ma + C 
has been assumed with S and a@ representing slip and brush separation 
and m and C constants. Such a relationship expresses fully the be- 
havior of the machine in both the speed ranges and with this the torque 
expression can be reduced to the sum of two slip-dependent terms. In 
the above relationship S and a will be both negative in the supersyn- 
chronous zone and in magnitude S is then equal to ma — C. 

The condition for maximum for the slip-dependent terms of the 
torque expression leads to quadratic equations in the variable ‘“‘slip.” 
When m approaches unity and C approaches zero, that is, when S = a 
(a condition which may be satisfied for practical purposes) then, one 
particular term of the torque expression gives almost exactly the same 
value for the maximum condition as that required by an ordinary in- 
duction motor. Also, this maximum condition is found to occur in 
both the subsynchronous and supersynchronous speed ranges and is the 
same in either. The value of the maximum torque corresponding to 
the above case is observed to be dependent on secondary resistance and 
leakage reactance. The other term of the torque expression gives two 
different values of slip both being negative. This means that either 
these maximum torques will be in the supersynchronous zone only or in 
the reverse speed zone because reverse speeds also may be interpreted to 
correspond to negative slip. However, the corresponding torque values 
(for S = a) show that only one of these is positive and hence is in the 
supersynchronous zone. This maximum torque is inverse to the sec- 
ondary resistance and independent of any other thing. The negative 
maximum torque corresponding to the reverse speed zone is found to be 
dependent on both secondary resistance and leakage reactance. 


TORQUE EQUATION 
Torque expression has been determined in terms of the usual machine 
parameters and the method used is similar to that taken in case of ordin- 
ary induction motors. The general equation for the torque may be 
written as (4, 6) 
+ Rs)? + (SX2)*} + Rs)? + (SX2)*} 


with T representing the torque, /,, the primary induced voltage from 
the stator, S the slip, Rz and Rs the resistance of the lap and secondary 
windings, X, the leakage reactance of the secondary, E, the voltage 
induced in the lap winding between the half-brushes when they are 180 
electrical degrees apart and a the ratio of effective lap turns for any 
brush displacement to that for 180 electrical degrees. It is assumed 
here that the lap winding has no leakage reactance and the ratio between 


pss 
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the primary and the secondary is unity. The equation shows that the 
torque is proportional to the air-gap flux which is represented by the 
voltage E,, to the secondary current given by the middle expression and 
to the power factor between the two which is shown by the end expres- 
sion. The numerator of the current expression has been typically 
shown due to the fact that the voltage responsible for driving current 
through the secondary winding is the vector difference of the voltages 
aE, and SE,. Thus, it may be clear that this voltage difference being 
dependent on the angle (1, 2) between aE, and SE, or in other words on 
the primary leakage reactance X, the torque of the motor with all other 
things assumed as constant is related to X;. With increasing X, the 
torque tends to increase. But, since an increase in X, will result in the 
reduction of E, when all other things remain unchanged the net voltage 
difference due to the effect of E; in the secondary side for any slip S is 
reduced in the subsynchronous zone. Hence, due to an increase of X, 
there is definite augmentation of the voltage difference (aE, — SE;) in 
the supersynchronous zone, whereas, in the subsynchronous zone the 
voltage difference (SE; — aE,) due to two opposing factors tends to 
remain constant. Another aspect of the situation is that with incréased 
values of X, a certain speed in the supersynchronous zone can be attained 
with a smaller brush voltage and this means that with the same brush 
gear a larger speed range may be possible. 
MAXIMUM TORQUE 


To find the maximum torque of the motor it is first necessary to 
maximize the torque with respect to a variable or the variables for which 
the maximum may exist. 

In this connection it may be seen that there are two variables in the 
torque equation, namely, the brush separation term a@ and the slip S. 
These two may be amalgamated if a relationship of the type S = ma 
+ C, with m and C as constants is assumed. Let this relation be ex- 
plained further here in order to justify its suitability. It may be seen 
that when a = 0, S = C, which means that at the short circuit position 
of the brushes S is finite, small and positive. Similarly, when S = 0, 


then, a = — oo which again means that at zero slip the brush separation 


is small but negative, that is, the brushes are crossed over. In the 
supersynchronous zone both S and a will be negative and then S in 
magnitude is equal to ma — C. Thus, the behavior of the motor can 
be well explained by the above relationship. 

Now, with this relationship the secondary voltage term may be ap- 
proximately reduced as below: 


(2) 


SE, — aE, = SE,(1 cosa) + 
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in the subsynchronous zone and, 


aE, SE, = SE,(* — cose) (3) 
m m 


in the supersynchronous zone where @ is the angle between E, and EF, 
and K an assumed factor between these two voltages. Hence, the tor- 
que may be shown to be dependent on two slip consisting terms, namely, 


S(aR1 + Rs) 


(aR, + Rs)? + (SX,)? 


+ Rs) 


+ Rs)? + (SX2)? 


With R, = nRs (n is the ratio of effective lap turns for 180 electrical 
degrees brush displacement to effective stator turns), if the relations 

= ma + C and S = ma — C at the subsynchronous and supersyn- 
chronous speeds, respectively, are substituted in the first term above, 
then the following quadratic equations are obtained after maximization 
and simplification. 


0 = + mRsnCX — m'RsX 
+ S(2m'*Rs'n) + (4) 


in the subsynchronous case and, 


0 = S2(m?Rs'n? — RsnCX — m'RsX »*) 
S(2m'R s*n) (5) 


in the supersynchronous case (products of higher powers of R and C 
being neglected). 

The values of S in these equations may easily be worked out now. 
But, for simplicity if S = @ is put down, that is, if m is taken as unity 
and C as zero, then from both these equations 

RsX 


(6) 


If Rs’n and Rs*n*? are now neglected, then S may be written as 


(7) 


This shows that S = —* in magnitude and can be both positive and 
2 


negative which means that this maximum torque occurs at both sub- 
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synchronous and supersynchronous speed zones at the same value for S. 
It may be noted here that this maximum condition is exactly the same 
as that required for an ordinary induction motor. However, for this 
value of S the maximum torque is found to be proportional to 


(nRs + X2) 
(nRs + X »)* + X 


The other term in the torque equation, namely, 


+ Rs) 
(aR, + Rs)? + (SX >»)? 


was next maximized. Substituting as before the relation of S and a 
and writing R, = nRs this term will reduce to 


Rs(nS nC + m)m 


Rs*{n2(S C)? + + 2mn(S FC) + 2 8) 


the minus sign indicating subsynchronous and the plus sign supersyn- 
chronous positions respectively. It may be easily found that d?7/d.S? 
is negative with respect to the above term as it was in the previous case 
and thus it shows the term has a maximum with respect to S. Putting 
dT/dS = 0 the condition for maximum is given by a quadratic equation 
as below: 


0 = S2(Rs*n* + mnX + S(2m*X.? + 2Rs*mn? 
2Rs*n®C F + 
+ Rs?m2n 2Rs?mn*C). (9) 


In this equation if the terms containing the product of Rs*C or Rs*C°, 
etc., are neglected as before, then the equation will reduce to 


0 = + + S(2m?X.? + 2Rs2mn? 
2Cnm*X .?) + Rs*mn. (10) 


Ultimately, the solution for this equation at both the speed ranges 
may be found for the following values of S: 


R 


+ mnxX 2 


.2 + F 2Cnm2X .2 


+ mnX 22 


U. 
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the term 4m‘Rs’n?X.* being neglected for simplification in a sum of 
series of terms where the other terms are very much higher. This 
shows that two maximum values of the torque are possible both lying 
for negative values of the slip. 

Substituting these values for S in the expression (aR, + Rs)/ 
(aR, + Rs)? + (SX»)* it may be seen that for the first value of S the 
maximum torque will be positive and hence will lie in the supersyn- 
chronous zone. But, for the other value of S the torque may even be- 
come negative when it obviously would lie in the reverse speed range of 
the machine. This latter condition will be very much dependent on 
the values of m, m and C. Had the above expression been maximized 
for m tending towards unity and C toward zero, that is, if S = @ would 


1 
be taken, the first maximum would depend on — and the latter on 


Ss 

+ 

It is evident that since the first maximum is positive, it is in the 
supersynchronous zone and the latter, being negative, can correspond 
only to the reverse speed zone because the machine is treated as a motor 
here. 


DISCUSSION 


The relationship between FE, and EF, in the voltage term as repre- 
sented in this paper should not be mistaken to be proportional. It is 
for the sake of mathematical argument only that EF, is assumed to be a 
multiple of E;. Even without splitting the secondary voltage term and 
taking advantage of this relationship between E, and &,, it could be 
presumed that this voltage term would be nearly constant even though 
it is a function of slip and brush separation. ‘This is evident from the 
manner in which it is dependent on slip and brush separation in both 
subsynchronous and supersynchronous speed ranges. As such, it 
could be taken that the torque is only proportional to the term 


(aR, + Rs) 
(aR, + Rs)? + (SX2)* 


Then, substituting the relationship of S and a in this term and proceed- 
ing as before, almost similar results could be obtained. An important 
outcome, however, of the splitting of the secondary voltage term is that 
the Schrage machine is also, like the ordinary induction motors, identi- 
cally susceptible to the variation of voltage. 

It may be pointed out that the method of maximization as used here 
in terms of a function of one variable is not only suited because of the 
fidelity of the assumed relation between S and a but is also much easier 
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in view of the difficulty of other methods dealing with functions of many 
variables in this particular case. 

All through these investigations symmetrical brush positions have 
been assumed. 


Acknowled gment 


The author sincerely thanks Professor D. S. Kothari, Scientific 
Adviser, Ministry of Defence, India, for his kind permission to publish 
the paper. 

REFERENCES 
(1) A. H. M. ARNoxp, J. Instn. Elect. Engrs., Vol. 64, p. 1139 (1926). 
(2) H. P. BHATTACHARYYA AND S. B. Des, Ind. J. Phys., Vol. 23, p. 93 (1949). 
(3) H. P. Buartracuryya, Jbid., Vol. 23, p. 459 (1949). 
(4) A. G. Conran, F. Zwe1G AnD J. G. CLERK, Trans. A.I.E.E., Vol. 60, p. 923 (1941). 
(5) H. K. ScuraGe, Electrotechnische Zeitscrift., January, 1914. 
(6) H. Corton, “Electrical Technology,’’ London, Sir Isaac Pitman & Sons, 1949. 


“hk | 


NOTES FROM THE NATIONAL BUREAU OF STANDARDS 


PLASTIC SPRINGS 


A practical procedure for mass-producing plastic springs has been 
developed by the National Bureau of Standards in work sponsored by 
the Army Ordnance Corps. Springs formed in this way! from glass 
fiber-reinforced resin have desirable mechanical properties for a wide 
range of applications. Until now plastic springs have been little used 
because suitable techniques for making springs of the types needed 
have been lacking. 

Polymeric materials, such as plastics and rubbers, have a number 
of inherent advantages for use in springs for special purposes. For 
example, they are nonmagnetic and have low electrical and thermal 
conductivity. They can be molded directly to dimensions without the 
development of any considerable internal stress. Their high corrosion 
resistance should make them of value for applications in chemical plants 
and installations subject to acid fumes or to salt air. Other applica- 
tions may benefit from the strength-to-weight ratios of plastics, which 
are often higher than those obtained with spring making metals. 
Also, the broad range of transparent and colored materials that can 
be used makes striking decorative effects possible. . 

The plastic springs are molded by drawing resin-soaked glass fibers 
through vinyl copolymer tubing and wrapping the loaded tubing in a 
helix around a mandrel. After curing in an air-circulating oven, the 
tubing is removed, leaving a solid plastic spring reinforced with glass 
fibers. 

The most successful procedure uses vinyl chloride-vinyl acetate 
copolymer tubing having a }- or ;%- in. inside diameter and a §-in. 
wall thickness. Lengths of glass rovings are formed into a loose yarn, 
without twist, which is then doubled back to make a U-shaped bundle. 
This bundle is placed in a trough partly filled with liquid resin and is 
immersed until thoroughly soaked. A steel wire is threaded through 
the tubing, “attached to the bend in the U-shaped bundle, and used to 
pull the bundle through the tubing. Considerable force is applied to 
the wire by means of a small windlass. 

When the tubing is completely filled, the wire is disconnected and 
the ends of the tubing sealed with hose clamps. The tubing is wound 
on a mandrel and the entire assembly is placed in an oven for curing 
under the conditions specified by the resin manufacturer. After re- 


1 For further details, see ‘‘Reinforced Plastic Springs,’’ by Frank W. Reinhart and San- 
ford B. Newman, Product Engineering (in press). 
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moval of the tubing, post curing is performed as required, and the 
springs are cut and ground to the finished length. 

Of the resins studied, the most promising were epoxides and poly- 
esters. These resins are better suited for spring applications on the 
basis of torsional moduli, temperature sensitivity, and ease of handling. 
In general, the polyesters are more sensitive to elevated temperatures 
than the epoxy resins, but the epoxy materials vary widely in this 
respect. 

Springs made from polyester resins with glass fiber reinforcement 
showed good energy recovery properties after short periods of storage 
at —40° F., but these properties were adversely affected by 13 days’ 
exposure to 135° F. while under stress. The best results were obtained 
with an epoxy resin cured with m-phenylenediamine. Springs made 
of this material had torsional moduli of rigidity of the order of 1.0 K 10° 
lb/in?. In 2-in. lengths they deflected 3 in. under a static load of 25 Ib. 
Three-inch springs of this type retained 40 per cent of their original 
energy when compressed to their solid length and stored at 135° F. for 
13 days. 

When the glass-epoxy springs were tested for recoverable energy a 
second time, higher values were invariably obtained. This character- 
istic ‘‘work tempering”’ of the epoxide resins was also demonstrated in 
torsion tests on nonreinforced plastic rods. An improvement of as 
much as 120 per cent over the original available energy was indicated. 
Preloading the epoxide spring during storage or within 30 days before 
use would make it possible to utilize this property of the material. 

The mechanical and thermal properties of the plastic springs can 
be varied widely by proper choice of materials and dimensions. For 
example, stiffer and probably more brittle springs result when the 
glass content is increased. At the same time a high degree of homo- 
geneity in static properties can be achieved. Under a load of 25 Ib., 
100 of the epoxy-resin springs had an average deflection of 0.53 in. 
with a standard deviation of 0.05 in. 


ACCELERATED AGING OF RECORD PAPERS 


The National Bureau of Standards has recently completed a 26-year 
experiment comparing accelerated aging tests of record papers with the 
effects of normal aging over long periods. Results of physical and 
chemical tests on papers aged in both ways show a fair correlation 
between natural and accelerated aging.! 

Scientists have long sought, with varying degrees of success, to 
predict the useful life of materials by means of accelerated aging tests 
in the laboratory. While many such tests have been designed for 


1 For further details, see ‘Accelerated Aging of Record Papers Compared with Normal 
Aging,’’ by William K. Wilson, Jack L. Harvey, John Mandel and Thelma Worksman, TAPP, 
Vol. 38, p. 543 (1955). 
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various kinds of materials, correlation with results obtained in actual 
service has not always been satisfactory. Obviously, a reliable means 
of estimating the useful life of paper should be of value to libraries, 
archival agencies, life insurance companies, and other institutions 
keeping long-term records. 

Accelerated aging of papers is usually carried out by holding the 
papers at an elevated temperature for some time. Since the rates of 
many chemical reactions are approximately doubled with each 10°-C. 
rise in temperature, the use of higher temperatures provides, in general, 
a means of accelerating the aging process. However, this does not 
necessarily mean that the same reactions occur at higher temperatures 
as do at room temperatures. The correlation between accelerated and 
natural aging can only be determined by actual comparison of speci- 
mens aged in both ways. This requires storing specimens of the ma- 
terials for several years and testing them from time to time. 

To provide the data for such a comparison, the Bureau in 1928 
measured the physical and chemical properties of a series of papers 
before and after accelerated aging at 100° C. for 72 hr.2 At that time 
additional specimens of the papers were stored for normal aging and 
future testing. After four years* and again after eight years‘ of normal 
aging, the stored specimens were tested for folding endurance; tensile 
strength ; water-soluble acidity ; pH ; alpha-, beta-, and gammaz-cellulose ; 
and copper number. The chemical tests were repeated after 22 years 
and the physical tests after 26 years. 

The papers included in the study were mostly commercial writing 
papers ranging in fiber content from 100 per cent rag to 100 per cent 
sulphite. Four soda-sulfite book papers were also included. The 
specimens were not exposed to unusual conditions of temperature, 
humidity, or air pollution during storage. 

Statistical analysis of data on folding endurance gave some indica- 
tion of the relationship between natural aging and accelerated aging. 
No quantitative conclusions could be drawn, as the manufacture and 
testing of paper had not progressed far enough in the late twenties to 
permit the proper control of variables in the selection of samples. 
However, logarithmic plots of natural and accelerated aging versus 
time indicated reasonably good correlation. 


The chemical test data showed fair correlation between normal 
aging and accelerated aging of all papers except the best rag papers. 
Changes in the latter were almost negligible after 22 years of normal 


2“A Study of Purified Wood Fibers as a Paper-Making Material,” by Royal H. Rasch, 
J. Research NBS, Vol. 3, p. 469 (1929) RP 107. 

3 “Comparison of Natural Aging of Paper with Accelerated Aging by Heating,” by Royal 
H. Rasch and B. W. Scribner, J. Research NBS, Vol. 11, p. 727 (1933) RP 620. 

4“Comparison of Accelerated Aging of Record Paper with Normal Aging for 8 Years,”’ 
by B. W. Scribner, J. Research NBS, Vol. 23, p. 405 (1939) RP 1241. 
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aging, whereas small but definite changes had occurred after acceler- 
ated aging. 

The tensile strength of the papers decreased very little with either 
accelerated or normal aging. However, such changes as were observed 
did appear to show a correlation between the two types of aging. As 
the folding endurance decreased sharply for all types of papers, it is 
apparent that much greater change occurs in the fatigue characteristics 
of the papers than in the strength. 

Any consideration of the permanence of paper must take into 
account both the stability of the cellulose and the structural stability, 
or stability of sheet formation. Cellulose permanence is independent 
of the sheet structure, but paper permanence depends both on cellulose 
stability and on the permanence of the sheet formation. Chemical 
tests are a measure of cellulose permanence while physical tests show 
the structural stability of the paper. 

The chemical test data on the rag papers indicate very little 
deterioration in 22 years, but the folding endurance decreased, on the 
average, to less than half of the original value. It thus appears that 
structural stability of the paper sheet decreases much more rapidly 
with aging than does the stability of the cellulose molecule. 
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Ruiter, Lukas Hans. Some Thermodynamic Properties of the System Benzene-1, 2-Di- 


chloroethane. 1955. 
SHREVE, RANDOLPH Norris. The Chemical Process Industries. Ed. 2. 1956. 


Société pE Changements de Phases. 1952. 
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CAHEN, Francots. Problems of Power Transmission at Voltages above 225kV. 1952. 
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SEELY, SAMUEL. Radio Electronics. 1956. 
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1956. 
Futter, DupLtey D. Theory and Practice of Lubrication for Engineers. 1956. 


FOOD 


HANNAN, R. S. Research on the Science and Technology of Food Preservation by Ionizing 


Radiations. 1956. 
GENERAL 


AnpREws, P. W. S. AND BRUNNER, ELIZABETH. Capital Development in Steel; a Story of 
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HELDT, PETER MARTIN. High-Speed Combustion Engines. Ed. 16. 1956. 
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Temperature Properties of Selected Super-Strength Alloys. 1954. 
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Fremont, M. Cu. Evolution de la Fonderie de Cuivre. 1903. 
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MartTIN, RoBert W. The Chemistry of Phenolic Resins. 1956. 


PUBLIC HEALTH 
ScHENK, Gustav. The Book of Poisons. 1955. 
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INSTITUTION OF THE RUBBER INDUSTRY. Annual Report. Vol. 9. 1955. 
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(AMSTERDAM) KONINLIJKE VLAAMSE ACADEMIE VOOR WETENSCHAPPEN LETTEREN EN SCHONE 
KUNSTEN VAN BELGIE. Jaarboek. 1955. 

BoyLe, Ropert. The Works of the Honourable Robert Boyle. 6 vol. 1772. 

KANSAS ACADEMY OF SCIENCE. Transactions. V. 58. 1955. 

Roya Society oF Lonpon. Philosophical Transactions. A. 248. 1956. 

Wisconsin ACADEMY OF SCIENCES, ARTS, AND LETTERS. ‘Transactions. Vol. 44. 1955. 


JOURNAL OF THE FRANKLIN INSTITUTE 


The following papers will appear in this JOURNAL within the next few months: 

CouLson, THOMAS: Some Prominent Members of The Franklin Institute. No. 3. Matthias 
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a Bilinear Vibrating System 

Moorg, E. F. AND CLAUDE E. SHANNON: Reliable Circuits Using Less Reliable Relays 

RoseERsSON, R. E. AND D. TatistcHEFF: The Potential Energy of a Small Rigid Body in the 
Gravitational Field of an Oblate Spheroid 

Dawson, Epwarp: Pressure Transmission in Liquid Films 

ROSENBERG, R. M.: A Pursuit Problem 
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Compact Klystron.—Probably the 
smallest klystron ever built, the new 
VA-97 has recently been introduced 
by Varian Associates, manufacturers 
of klystrons and related microwave 
equipment. The VA-97 is a rugged 
reflex klystron suitable for use as the 
local oscillator tube for airborne radar 
and similar applications. In the VA- 
97 reflex klystron, the integral ex- 
ternal tuning cavity design has been 
carried up to a frequency range of 
34.0 to 35.6 kMc. According to the 
manufacturer, this design combines 
outstanding environmental performance 
with excellent electrical performance. 
It is tough and reliable and is rated 
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for use at any altitude without pres- 
surization. At only 400 v beam volt- 
age, it provides adequate power and 
electronic tuning for radar local oscil- 
lator service. The VA-97 features a 
slow-motion tuner free from mechani- 
cal backlash. 

The manufacturer states that the 
VA-97 klystron was developed to al- 
low maximum latitude in equipment 
design. Its compact size and light 
weight occupies a minimum of high 
premium aircraft space. 

A companion klystron, the VA-94, 
is also available. It provides com- 


parable performance characteristics in 
a frequency range of 16.0 to 17.0 kMc. 


given by its benefactors in the past. 


the public as it has and should. 


Pennsylvania. 


memorials. 
Department. 


TO MEMBERS AND THOSE WHO KNOW 
THE FRANKLIN INSTITUTE 


All of us associated with The Franklin Institute are gratified by the support 
Without their generosity our privately en- 


dowed Institute would have been unable to serve industry, the professions, and 


There is still a continuing and pressing need of contributions and bequests 
—both for general and specific endowment, and of income to be judiciously used. 
Your response will be most earnestly appreciated. 

Checks should be made payable to The Franklin Institute, and sent to The 
Franklin Institute, Benjamin Franklin Parkway at 20th Street, Philadelphia 3, 


Where property is transferred, title should be in the name of The Franklin 
Institute of the State of Pennsylvania for the Promotion of the Mechanic Arts. 


We shall be glad to supply any additional information regarding gifts and 
Please write to the above address, attention of the Endowment 
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NOTES FROM THE BIOCHEMICAL RESEARCH FOUNDATION 
ELLICE McDONALD, M.D., FOUNDER WILLIAM G. BATT, D.Sc., DIRECTOR 


DIFFERENCE IN RESPONSE OF ANIMAL AND PLANT CELLS 
TO MITOTIC POISONS 


BY 


IRVING GALINSKY 


Animal and plant cells appear to differ in their response to mitotic 
poisons and this difference seems to lie mainly in the type of abnormal 
metaphases. Levan (1) designates these as the ‘‘animal’ type of 
c-mitosis and the “‘plant’’ type of c-mitosis. The animal and plant 
types differ in one main point, namely, the centromeres of the animal 
type do not divide and the c-metaphase chromosomes go directly into 
the c-telophase stage. In plants treated with colchicine or other 
mitotic poisons the centromeres of the metaphase chromosomes divide 
to give the c-anaphase stage in which the daughter anaphase chromo- 
somes are separate from each other before going into the c-telophase 
stage. 

The animal type of c-mitosis was observed by Levan in colchicine- 
treated Landschiitz I and Ehrlich ascites tumors. The same type of 
c-mitosis was observed by Galinsky to occur in the untreated Krebs 2 
ascites tumor. In the Krebs 2 ascites, the abnormalities become 
prominent about eight days after the mice are inoculated with the 
tumor. The evidence obtained from observations of these mitoses, sup- 
ports the view that this is due to the accumulation, in the ascitic fluid, 
of substances which act as mitotic poisons. The mitotic abnormality 
that occurs most frequently is the failure of the centromere of the 
metaphase chromosome to split, so that the transition from the c-meta- 
phase to the c-telophase stage is a direct one. 

However, in a small proportion of the Krebs 2 ascites cells the 
centromere divides to produce the ‘‘plant’’ type of c-mitosis, as also 
observed by Levan in his material. The reverse has been reported to 
occur occasionally in plant cells treated with mitotic poisons (2, 3), 
that is, the centromere does not divide until the resting nucleus has 
been formed. 

The difference, therefore, seems to be a quantitative one rather than 
a qualitative one. Levan concludes, ‘‘It is possible that a lower degree 
of poisoning favors the division of the centromere. It should be ob- 
served that there is a pronounced difference in toxicity of the colchicine 
between plant cells and animal cells.’’ Galinsky (4) came to the same 
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conclusion from results obtained with onion root tips treated with 
sodium and potassium phosphates. He observed that the higher con- 
centrations delayed the division of the centromere and produced many 
“star-shaped,” ‘‘animal’’ type c-metaphases which directly went into 
the telophase stage. Lower concentrations of the phosphate resulted 
mainly in the ‘“‘plant’’ type, scattered c-metaphases in which the cen- 
tromere divided to give the c-anaphase stage. 

The evidence seems to indicate that the centromere of animal 
chromosomes is more easily prevented from dividing than is the cen- 
tromere in plant chromosomes. This would then account for the 
mitotic differences obtained in the treatment of animal and plant cells. 


REFERENCES 


(1) A. Levan, Hereditas, 40, 1 (1954). 

(2) O. J. E1esti, Genetics, 25, 116 (1940). 

(3) J. G. HAwWKEs, J. Genetics, 44, 11 (1942). 
(4) I. Gatinsky, J. Heredity, 40, 289 (1949). 
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BOOK REVIEWS 


RapIaATION BrioLtoGy: VISIBLE AND NEAR- 
Licut (Vor. III), edited by 
Alexander Hollaender with the coopera- 
tion of Sterling B. Hendricks. 765 pages, 
tables, figures, 6 X 9 in. New York, Mc- 
Graw-Hill Book Co., Inc., 1956. Price, 
$10.00. 


The publication of this third and final 
volume represents the conclusion of a tre- 
mendous amount of cooperative work by 
many contributing scientists in bringing to 
fruition what is certain to be a landmark in 
the field of radiobiology. This volume dis- 
cusses the effect of visible and near-visible 
light including relatively recent research find- 
ings on photosynthesis, photoperiodism and 
other topics important to biological growth 


and energy. It consists of 15 chapters writ- 


ten by 21 specialists in the field. 

In the first chapter, “Energy Exchange 
in Photoreactions” by R. Lumry and H. 
Eyring, there is a detailed presentation of 


the general principles of energy-exchange 
processes which occur in chemical and physi- 
cal systems. The next chapter by J. R. 
Platt entitled “Electronic Structure and Ex- 
citation of Polyenes and Porphyrins” but 
which, according to the author, might be 
entitled: “Why grass is green, butter yel- 
low, and blood red” deals with the com- 
pounds responsible for these colors. To 
understand the colors—which are probably 
the most important classes of biological pig- 
ments—requires not only the knowledge of 
electronic structure of the compounds but 
also their connection with the absorption of 
light in the visible and near-ultraviolet re- 
gions. Chapter 3 by R. B. and A. P. With- 
row and entitled “Generation, Control, and 
Measurement of Visible and Near-visible 
Radiant Energy” is an exposition of modern 
developments and the most important of the 
fundamental principles and technics of appli- 
cation of visible and near-visible radiant 
energy to biological problems. This ex- 
tremely valuable chapter is the longest in 
the book (133 pages) and very likely will 
be extensively consulted by the researcher. 
The next five chapters deal largely with the 


fundamental process of photosynthesis or 
important aspects of it as follows: “Energy 
Efficiency in Photosynthesis” by F. Daniels; 
“The Mechanism of Photosynthesis” by E. C. 
Wassink; “The Absorption, Action, and 
Fluorescence Spectra of Photosynthetic Pig- 
ments in Living Cells and in Solutions” by 
C. S. French and V. M. K. Young; “Chloro- 
phyll Formation and Accumulation in Plants” 
by J. H. C. Smith and V. M. K. Young; 
“Nitrate Reduction” by H. Burstroém. These 
chapters present a veritable storehouse of in- 
formation dealing with the principles of 
photochemistry, the mechanism of the photo- 
synthetic process, measurements of energy 
and chemical changes involved in the proc- 
ess, practical applications of photosynthesis, 
tracer experiments, precursors of chloro- 
phyll, temperature and nutritional effects on 
chlorophyll formation and accumulation, 
mechanism of chlorophyll biosynthesis, and 
the indirect actions of light on the nitrate 
reduction. In addition to a detailed presen- 
tation of recent information on photosynthe- 
sis, there is a prediction of the future when 
Dr. Daniels states, “At the time of this 
writing (1952) it has not been possible to 
produce this reaction (photosynthesis) in the 
absence of chlorophyll or in any way outside 
the living plant, but there seems to be no 
theoretical reason why photosynthesis cannot 
at some time be accomplished in vitro as well 
as in vivo.” Chapter 9 by F. W. Went is 
entitled “Phototropism’—the response dem- 
onstrated by plants when they bend within 
a light gradient. Conveniently following is 
“Photoperiodism” by H. A. Borthwick, S. B. 
Hendricks, and M. W. Parker. This chapter 
deals with the discovery of photoperiodism, 
photoperiodic responses of animals, action 
spectra, pigment and the photoreacticn, flow- 
ering in relation to auxins and, among other 
facets of the problem, reviews on photoperi- 
odism. Remaining chapter headings with 
authors will suggest the broad scope of this 
volume: “Seed Germination” (M. Evenari) ; 
“Viscosity, Permeability, and Protoplasmic 
Streaming” (M. G. Stalfelt); “Electrical 
Phenomena in Vision” (L. A. Riggs); “In- 
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vertebrate Photoreceptors” (L. J. and M. J. 
Milne) and the concluding chapter, “Photo- 
dynamic Action and its Pathological Effects” 
(N. T. Clare). 

The volume is certain to be eagerly wel- 
comed as a fundamental collection of com- 
paratively recent material on topics impor- 
tant to biological growth and energy. It is 
unfortunate that most of the 15 manuscript 
chapters (10) were received by the editor 
for publication as early as 1951; the latest 
having been received in 1953. In a work 
of this kind, however, a certain amount of 
delay from manuscript to publication is un- 
derstandable. Some of the authors have 
corrected this publication delay by addenda 
containing latest information at the conclu- 
sion of the chapters. 

This reviewer has looked expectantly to 
the publication of each of the four books 
making up the three volumes all of which 
this journal. They are 
indispensable to those in the field of radia- 
tion biology. Since treatment of material 
overlaps among the three volumes, all should 
be consulted for full coverage of a subject. 
At $35.50 for the set, it is a great bargain. 

WICHTERMAN 


are reviewed in 


Vistas In Astronomy, Volume I, edited by 
Arthur Beer. 776 pages, illustrations, 
8x 103 in. London, Pergamon Press, 
Ltd., 1955. Price, $28.00. 


The “age of specialization” which matured 
to full bloom in the mid-Twentieth Century 
has of necessity restricted the scientist to a 
full and complete knowledge of only a frac- 
tion of the various facets in his special disci- 
pline. As a result the scientist in general 
and the astronomer in particular have been 
hard put to keep abreast of all research 
and developments which have recently 
materialized. 

Reading all the literature is not the solu- 
tion. First, because there are so many jour- 
nals available in so many languages it is just 
impossible to read it all and second, many 
significant and current developments have 
not found their way into the literature. As 
a result there should be available a source 
where the current achievements, potentiali- 
ties and trends are disclosed. Such a source 
is Vistas in Astronomy. 

This is Volume I of a two-volume series. 
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The book is divided into seven sections. The 
first deals primarily with international co- 
operation in astronomy. Various facets of 
this theme are covered by thoroughly com- 
petent astronomers. Section 2 consists of 
12 articles dealing with the history and 
philosophy of astronomy. These range from 
historical representations of 2100 B.C. to 
modern cosmological concepts. In this sec- 
tion is found a truly significant paper on 
“Fact and inference in theory and observa- 
tion” by the highly articulate H. Bondi. Dr. 
Bondi owes it to astronomy to elaborate on 
this section and remove the dogmatism that 
one finds in an old established science. This 
paper should be read and reread by every 
graduate student. 

“Dynamics” is the title of section 3. As 
the title indicates it deals with the motions 
of the celestial bodies. Celestial mechanics, 
a particular branch of dynamics, has been 
neglected too long. Now with the earth- 
satellite program in full swing there will 
come a resurgence of interest in this subject. 

Section 4, devoted to theoretical atrophys- 
ics, contains every facet of the subject the 
name implies while Section 5 is devoted to 
modern astronomical instruments. These 
range from clocks to computing machines in 
astronomy and from the conventional tele- 
scope to the electron telescope by Lallemand. 

Radio Astronomy, the newest facet in as- 
tronomy is considered in Section 6 and the 
final section is devoted to Solar Physics. 

This book is dedicated to Prof. F. J. M. 
Stratton, Emeritus Professor of Astrophys- 
ics at the University of Cambridge, and one 
of the most colorful workers in the field. 
As a tribute to this figure of international 
stature almost every country where active 
astronomical activity exists has contributed 
to this authoritative work. These contribu- 
tions, in many languages, have all been trans- 
lated in English with the editor faithfully 
rendering them so as to maintain the in- 
tegrity of the theme. 

In a volume of 192 contributors it is mani- 
festly impossible to review this in the man- 
ner of a book devoted to a single theme. 
The task, if attempted, would have been 
made more difficult because of the contro- 
versial nature of some of the contributions, 
Of this the editor says, “Everyone familiar 
with our subject (astronomy) knows that 
it is a field in which controversy cannot be 
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avoided; indeed, at the frontiers of expand- 
ing knowledge, controversy is most desirable. 
Contradictory views will therefore some- 
times be found here side by side with one 
another.” 

While this reviewer dislikes the new in- 
novation of a book made up of separate 
monographs, he feels this one has been cata- 
lysed by the editor into a coherent unity. 
Authority permeates the book from cover to 
cover. Time will indicate Volume I of 
Vistas in Astronomy as a monumental work 
and a credit to those who conceived and 
executed the project. It is one of the most 
provocatively stimulating books on the astro- 
nomical horizon, I, M. Leavitt 


INTRODUCTION TO Puasticity, by Aris 
Phillips. 230 pages, diagrams, 6 X 9 in. 
New York, The Ronald Press Company, 
1956. Price, $7.00. 


The book Introduction to Plasticity is a 
text for a beginning student and practicing 
engineer on the subject of plasticity as ap- 
plied to structures. Any advanced student, 
graduate student and practicing engineer who 
has studied engineering mechanics, structural 
analysis and theory of elasticity is able to 
study this text without difficulty. 

In these modern times so much work is 
being done and interest shown in rockets, 
guided missiles and high speed aircraft in 
which the structures do not require long life 
and excessive strength that a knowledge of 
the collapse load is of primary importance. 
To the stress analyst in these fields Professor 
Phillips’ book should prove of great value. 

The text includes a discussion of stress- 
strain diagrams in the elastic and plastic 
region, the calculation of collapse loads of 
trusses, beams, and frames, bending of beams 
with and without axial forces, curved beams, 
collapse load under combined stresses as ex- 
perienced in thick wall spherical shells, tubes 
and rings under internal pressure, wire draw- 
ing and wire extrusion. The final chapter 
deals with strain hardening under combined 
stresses. In the Appendix are the proofs of 
theorems used in the text and answers to 
problems. In various chapters are data of 
use to the stress analysis. 

Professor Phillips’ book should be of real 
value to the young engineer and the older 
practicing engineer desiring to keep abreast 
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structural design and 
A. O. BEerGHOLM 


of the trends in 


analysis. 


History oF AMERICAN TECHNOLOGY, by 
John W. Oliver. 676 pages, 6X9 in. 
New York, The Ronald Press Company, 
1956. Price, $6.50. 


One of the defects in the manner in which 
history is taught is that too much attention 
is devoted to the achievements of dynasties 
and statesmen, while only passing reference 
is made to the work of the more influential 
scientists and inventors. For it is the latter 
who create the concrete conditions upon 
which the rulers and statesmen must con- 
struct their abstract policies. Dr. John W. 
Oliver, emeritus professor of history at the 
University of Pittsburgh, has attempted to 
remove this reproach from American history 
by providing an adequate technical back- 
ground. In so far as the task could be 
accomplished in a single volume, although 
generous in bulk, he has succeeded in his 
purpose. 

The plan of the book is ambitious since 
it covers the whole area of science and tech- 
nology. Its chronology is divided into four 
parts, the first of which treats with the years 
before the Revolution; the second, from the 
Revolution to the Civil War; the third from 
the Civil War to the year 1900; and the 
final section brings the story down to the 
present time. These are appropriate divi- 
sions since they permit a review of the four 
principal periods of developments that have 
distinctive features: the transplanting of 
tools, skills, and technologies; the laying of 
the foundation of American supremacy in 
technology; the awareness of science and 
the triumph of machine technology; and the 
science and technology of the leading world 
power. 

The book is a mine of information cov- 
ering this wide area that includes agricul- 
ture, communication, transportation, building, 
etc., as well as manufacturing technology. 
Having such an extensive field to cover it 
is not to be expected that individual achieve- 
ments can be described fully, but their sig- 
nificance is not overlooked, and they are 
presented in the right proportions. All the 
familiar names appear and a great many 
that are unfamiliar are given the prominence 
they deserve. Indeed, after careful search- 
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ing, the only considerable omission this re- 
viewer could find was that of Thomas God- 
frey, who deserved mention as the inventor 


sextant, an honor he shared with 
A few words might have been de- 
standardization, with a bouquet 
thrown in the direction of The Franklin 
Institute for the lead it gave in the matter 
of screw threads. But these are small flaws 
in a work that has all the traces of pains- 
taking, sustained research balanced by fine 


of the 
Hadley. 


voted to 


judgment. 

In a book of this nature an adequate index 
is essential. Repeated tests have shown that 
the index to this volume responds creditably 
to the reader’s demands. Altogether, we 
feel, this will be a welcome addition to those 
books that bring learning and energy to the 
study of the place of technics in human 
culture. 
DyNAMICS OF MACHINERY, by James B. 

Hartman. 283 pages, diagrams, 6 X 9 in. 

New York, McGraw-Hill Book Co., Inc., 

1956. Price, $7.50. 

Dynamics of Machinery is published as 
one volume in the McGraw-Hill series in 
Mechanical Engineering. This book is in- 
tended for the advanced undergraduate and 
graduate student, and the practicing engineer 
in industry who desires to study formally 
some advanced methods The 
users of this book should have a knowledge 
of engineering college mechanics, dynamics, 
vibrations and mathematics including the 
calculus. Besides this a knowledge of dif- 
ferential equations and Laplace transforms 


of analysis. 


would be very helpful. 

The opening chapter deals with some prin- 
ciples of statics including vector notation. 
The second chapter similarly treats with 
dynamics again using vector notation. Chap- 
ter three deals with inertia forces of various 
mechanisms including the four bar linkage. 
The following chapters deal with vibrations, 
balancing of machinery, engine dynamics, 
mechanical transients, dynamics of automatic- 
control systems. 

This book can be commended for its use 
of more advanced mathematical treatment 
and notation. The chapters on mechanical 
transients and dynamics of automatic-control 
systems should be of timely interest to the 
practicing engineer and the advanced stu- 
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dent. The only question that may arise is 
the brevity of the book considering the 
subjects covered. The latter point may be 
a source of concern when the student at- 
tempts to follow the rather brief mathemati- 
cal developments that are prevalent. 

A. O. BEeRGHOLM 


HiGH-TEMPERATURE TECHNOLOGY, edited by 
I. E. Campbell. 526 pages, diagrams, 
6x9 in. New York, John Wiley & Sons, 
Inc.; London, Chapman & Hall, Limited; 
1956. Price, $15.00. 


During recent years, there have been nu- 
merous symposia on high temperature tech- 
nology and a large number of papers in the 
published literature. However, there have 
been very few detailed summaries of the 
subject. The present text fills the need for 
such a summary. It deals primarily with 
materials for use above 1500° C. 

The book is divided into four 
Part I is a relatively short introduction out- 
lining the need and the development of mod- 
ern refractory materials. Part II covers the 
materials used for high temperatures. Parts 
III and IV discuss the methods and measure- 
ments involved in high temperature tech- 
nology. 

Since the temperatures under discussion 
are above 1500° C., there is not much infor- 
mation concerning metals. Only 12 papers 
are devoted to this phase of high temperature 
materials so that the metallurgist is apt to 
be disappointed. However, the sections on 
oxides, borides, carbides, silicides, nitrides, 
sulfides, and cermets are quite comprehen- 
sive. These sections tabulate many of the 
physical, chemical, mechanical, electrical, and 
thermodynamic properties of the refractory 
materials. The data are up-to-date and com- 
prehensive and should form a valuable ref- 
erence source for those interested in this 
field. The section on methods includes a 
brief and superficial treatment of the sinter- 
ing process. The remainder of this section 
is devoted to the various means of achieving 
high temperatures. A fair amount of detail 
is given in the chapter on arc furnaces. 
Several good schematic diagrams of furnace 
designs are shown. 

The last section of the book is devoted to 
measurements. It covers temperature meas- 
urement, mechanical and physical properties, 
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high temperature microscopy and high tem- 
perature X-ray diffraction. In the chapter 
on temperature measurement, a tabulation of 
the properties of some of the refractory 
oxides is given. Some of the data do not 
agree with those presented in an earlier 
chapter on the oxides. In fact, none of the 
melting points agree; for example, one table 
lists thoria as melting at 3030° C. and the 
other at 3300° C. 

One of the outstanding chapters in the 
book is that devoted to the measurement of 
physical properties. Thorough descriptions 


and excellent schematic diagrams are given 
describing the measurement of such proper- 
ties as melting point, phase equilibria, vapor 
pressure, thermal conductivity, thermal ex- 


pansion, etc. 

The book contains a subject index and an 
author index. Extensive bibliographies are 
given at the end of each chapter. In general, 
it is well edited and should serve as an ex- 
cellent reference book for those involved 
with high temperature refractory materials. 

R. L. 


THE CAastING OF STEEL, edited by W. C. 
Newell. 599 pages, illustrations, 6 < 9% in. 
London, Pergamon Press, 1955. Price, 


$15.50. 


The Casting of Steel is edited by W. C. 
Newell, formerly head of Steel Castings Di- 
vision, British Iron and Steel Research As- 
sociation. Published in England, it has the 
British style and format to which many 
American readers are not accustomed. 

The topics covered in the text are: Prop- 
erties of the Liquid Metal, The Mechanism 
Solidification, The Melting Process, The 
Use of Refractories, Pattern Making, Mould 
Preparation and Core Making, Casting into 
Sand Moulds, Centrifugal Formation of 
Castings, Investment Casting Process, The 
Heat Treatment and Properties of Steel 
Castings, Mechanical Testing, Radiography, 
and Non-Destructive Testing. 

By reviewing the contents it is observed 
that this text is a handbook that is of value 
to those in the steel foundry business and the 
young engineer entering the field. To the 
American, this book should be of interest 
but he will find the practices and equipment 
described will be Regardless of 
nationality, the chapters on Non-Destructive 


strange. 
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Testing and Radiography should be of in- 

terest, and particularly the last item which 

is developing so rapidly at the present time. 
A. O. BerGHOLM 


FREQUENCY REsPoNsE, edited by Rufus Old- 
enburger. 372 pages, diagrams, 8} X 11 in. 
New York, The Macmillan Co., 1956. 
Price, $7.50. 


This book consists of a worthwhile col- 
lection of articles dealing primarily with the 
analysis and synthesis of feedback control 
systems using frequency response methods. 
Most of the papers were presented at the 
1953 ASME Frequency Response Sympo- 
sium, with the result that twenty of the 
twenty-eight articles included were published 
in the ASME Trans., Vol. 76, no. 8 (1954). 
The discussion of the various papers and 
the authors’ remarks are also included. 

The material in the book ranges from the 
basic ideas of frequency response to the ap- 
plications of such methods to nonlinear sys- 
tems. Some material on experimental tech- 
niques is also included. Those interested in 
the historical growth of the field will find 
quite helpful the introductory articles and 
the lengthy bibliography of papers and books 
published up to 1953. Those with no pre- 
vious experience with feedback control sys- 
tems will find the book almost as readable 
as an introductory text in the field, although 
less complete. Because of its essentially 
tutorial nature, however, Frequency Re- 
Sponse will probably not provide the electri- 
cal engineer who has been working with 
control systems for the past few years with 
new ideas or techniques. 

Preston R. CLEMENT 


Evectronic DATA ProcessING FoR Bust- 
NESS AND INbustTRY, by Richard G. Can- 
ning. 332 pages, diagrams, 6 X 9 in. New 
York, John Wiley & Sons, Inc., 1956. 
Price, $7.00. 

In what was a field starving for literature 

a short time ago, a large amount of mate- 

rial is now becoming available. This book 

is aimed at management with the hope of 
explaining what data processing is, what its 
significance is to a company and how man- 
agement should go about investigating it. 

The author’s concept of data processing re- 

lates to management decision-making opera- 
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tions for control purposes including a feed- 
back on progress. 

Mr. Canning discusses the characteristics 
of the major components of data processing 
equipment and the programming of a depart- 
ment store application. This is followed by 
a detailed discussion of how the systems 
engineer would tackle this problem and what 
is contributed by an operations research 
study. The importance of such studies can- 
not be over-estimated. Some elements of 
management may be surprised at the extent 
of these studies that are required or at the 
fact that some long established company 
procedures will have to be revised to ac- 
commodate data processing. It can be al- 
most catastrophic to install blindly large and 
costly equipment of this type in an attempt 
to keep up with the competition. A careful 
study of this book should avoid this. Finally 
the author treats the systems engineers’ 
work up to the time a proposal for action 
is presented to management. 

Types of equipment are treated for appli- 
cations such as file maintenance. The em- 
phasis throughout the book is on how to 
study the needs of a company for electronic 
data processing equipment and wisely avoids 
appraisal of existing equipment which, as 
Mr. Canning says, is soon out of date in 
this fast moving field. 

Donatp B. HovuGHuton 


MACHINE DesiGNn, by Joseph Edward Shig- 
ley. 523 pages, diagrams, 6 X9 in. New 
York, McGraw-Hill Book Co., Inc., 1956. 
Price, $7.75. 


Few books have been written that stress 
creative thinking in the learning process of 
the engineering student as this book on 
machine design does. While it deals with 
the mechanical field, it is conceivable that a 
similar pattern may be followed in many 
other types of technical, academic and com- 
mercial fields. 

The objectives are clearly defined in the 
preface and are religiously followed in the 
text. A background of mathematics and 
elementary machine design should precede 
the use of this text, but the first part of the 
book deals with fundamentals. 

Part Two deals with the application of 
those principles with an excellent presenta- 
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tion of steps to be followed which may be 
equally applicable to other fields of creative 
work. Many of the problems and illustra- 
tions in the book require decisions to form 
a basis for solution and, while some problems 
have but one correct answer, others depend 
upon the assumptions made for a successful 
product design. Evaluation of results is pre- 
sented by various means and the student who 
completes the course including this book 
should be in a capable and mature position 
that would otherwise require years of ex- 
perience to acquire. Eart R. BowMAN 


Surveys IN MECHANICS, edited by G. K. 
Batchelor and R. M. Davies. The G. I. 
Taylor 70th Anniversary Volume. 475 
pages, diagrams, 5} X 84 in. New York, 
Cambridge University Press, 1956. Price, 
$9.50. 


Surveys in Mechanics was edited in com- 
memoration of the seventieth birthday of Sir 
Geoffrey I. Taylor, 7 March 1956. The 
editors of this commemorative book selected 
ten subjects to be incorporated in the volume 
that G. I. was interested in and worked on 
during his life time. An authority in each 
subject was asked to contribute one chapter. 
Usually the articles give the historical back- 
ground, the development and the present 
status of knowledge in the field. In addition 
to the ten chapters there is a short biography 
of G. I. Taylor that is of interest. 

The subjects of the ten chapters are: “The 
Mechanics of Quasi-Static Plastic Deforma- 
tion in Metal,” “Dislocation in Crystalline 
Solids,” “Stress Waves in Solids,” “Rotating 
Fluids,” “The Mechanics of Drops and Bub- 
bles,” “Wave Generation by Wind,” “Vis- 
cosity Effects in Sound Waves of Finite 
Amplitude,” “Turbulent Diffusion,” “Atmos- 
pheric Turbulence,” and “The Mechanics of 
Sailing Ships and Yachts.” <A bibliography 
is attached to each chapter. 

The reader will find each chapter to be 
extremely interesting and stimulating re- 
gardless of his scientific background and 
proficiency. There are some mathematics 


involved, but the amount is small and should 
not deter one from reading this book. The 
editors should be commended in compiling 
such an interesting and readable book. 

A. O. BERGHOLM 
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ANALYTIC GEOMETRY, by Paul K. Rees. 237 pages, diagrams, 6 X 9 in. Englewood Cliffs 
(N. J.), Prentice-Hall, Inc., 1956. No price. 

GENERAL CHEMIsTRY, by John Arrend Timm. Third edition, 636 pages, illustrations, 6 x 9 
in. New York, McGraw-Hill Book Co., Inc., 1956. Price, $6.00. 

INDUSTRIAL ELEcTRICITy. VOLUME I. Direct CURRENTS, by Chester L. Dawes. Third 
edition, 431 pages, diagrams, 6 X 9 in. New York, McGraw-Hill Book Co., Inc., 1956. 
Price, $5.50. 

INTRODUCTORY ORGANIC CHEMISTRY, WITH CERTAIN CHAPTERS OF BIOCHEMISTRY, by E. 
Wertheim and Harold Jeskey. Third edition, 476 pages, illustrations, 6 X 9 in. New 
York, McGraw-Hill Book Co., Inc., 1956. Price, $5.50. 

How To CALCULATE QUICKLY, by Henry Sticker. 256 pages, 5 X 7} in. New York. Dover 
Publications, Inc., 1956. Price, $1.00 (paper). 

THE EVOLUTION oF IGNEOUS Rocks, by N. L. Bowen, with a new introduction by J. F. Schairer. 
Unabridged and unaltered republication of the first edition. 332 pages, diagrams, 
53 X 8 in. New York, Dover Publications, Inc., 1956. Price, $1.85 (paper); $3.50 
(cloth). 

CoLour Prints, by Jack H. Coote. 325 pages, diagrams, plates, 5 X 7} in. London, The 
Focal Press, 1956. Price 25/, $4.95. 

PHOTOGRAPHIC Optics, by Arthur Cox. Eleventh revised edition, 374 pages, diagrams, 
5 X 7} in. London, The Focal Press, 1956. Price: 17/6; $5.75. 

OrGANIC CHEMISTRY, by Louis F. Fieser and Mary Fieser. Third edition, 1112 pages, 6 K 94 
in. New York, Reinhold Publishing Corp., 1956. Price, $10.00. 

PRECISION ELECTRICAL MEASUREMENTS. v.p., diagrams, 8} X 11 in. New York, Philoso- 
phical Library, 1956. Price, $12.00. 

A TREATISE ON SURVEYING, by Middleton and Chadwick. Revised sixth edition. Two 
volumes, 381 and 438 pages, diagrams, 53 X 8} in. New York, Philosophical Library, 
1956. Price, $20.00 the set. 

Unitep StaTEs ARMY IN WorLD War II. THEATER. STILLWELL’s 
COMMAND PROBLEMS, by Charles F. Romanus and Riley Sunderland. 518 pages, illustra- 
tions, 7 X 9} in. Washington, Department of the Army, 1956. Price, $6.25. 

UniteD STaTES ARMY IN WoRLD War II. THE TECHNICAL SERVICES. THE MEDICAL 

DEPARTMENT: HOSPITALIZATION AND EVACUATION, ZONE OF INTERIOR, by Clarence 

McKittrick Smith. 503 pages, 7 X 9} in. Washington, Department of the Army, 1956. 

Price, $4.00. 
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Computer to Test Jet Engine Per- 
formance.—A giant computing ma- 
chine that could save up to two years 
in the costly development of advanced- 
design jet engines has been built for 
the Air Research Development Com- 
mand by the General Electric Company. 

One of the largest ever built, this 
unique analog computer will enable en- 
gineers to “fly” jet engines before they 
are built and to forecast performance 
characteristics of control systems for 
jet engines that are still on the draw- 
ing boards. 

The computer will become the 
“brain” for a jet engine simulator that 
will reduce costly wind-tunnel testing 
and cut down the time and cost of 


flight-testing, both vital phases in the 
race to develop stronger and faster 
aircraft. 

The jet engine simulator was de- 
veloped and is being built by General 
Electric’s Aircraft Gas Turbine Devel- 
opment Department under an ARDC 


contract. The computer for the simu- 
lator was designed and built by the 
company’s General Engineering Lab- 
oratory. 

“Flying” the computer, an engineer 
can become a “test pilot” and in a 
matter of a few hours can see how his 
blueprint engine reacts to such condi- 
tions as giving it the throttle at 20,000 
feet altitude, 40° below zero air tem- 
perature and at a speed of 1260 miles 
an hour. 

Previously it has not been possible 
to check out a pre-production engine 
control system on a sufficiently large 
number of engines of one type. In 
many instances, the engine is either 
not available and its expected perform- 
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ance data are lacking, or, if an experi- 
mental prototype of the engine is avail- 
able, engineers have been unwilling to 
risk the expensive prototype in gruel- 
ling tests. 

Checking out an experimental engine 
control system normally takes up to 
six months and costs several million 
dollars in the wind-tunnel and flight- 
test phases. 

The machine works this way: 

Engineers study the specific problem 
at hand and reduce it to mathematical 
form. They then convert it into equa- 
tions. The computer works out these 
equations electrically and comes up 
with the answer in the time it takes 
an air molecule to pass through an 
actual engine. 

The General Electric computer, 
which took six years to build, meas- 
ures 35 by 100 ft. and is 12 ft. high. 
It covers a floor area of 2,635 sq. ft., 
roughly the equivalent of three average- 
sized homes, and uses 40 tons of air 
conditioning, equivalent to air condi- 
tioning 15 average-sized homes or 80 
room air conditioners. 

The vast amount of air conditioning 
is necessary to insure the accuracy of 
instruments and the efficiency of vac- 
uum tubes, which are sensitive to 
abrupt temperature changes. 

Its power source operates on 2300 
volts of alternating current. Its 150- 
horsepower motor and four generators 
can develop 103 kilowatts, enough to 
run 30 to 50 average electric kitchen 
ranges with all burners and ovens lit. 

The computer units contain 6000 
vacuum tubes, 140,000 ft. of wire and 
1700 indicating lights. It has 2750 
knobs or dials, 8200 plug jacks, 300,- 
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000 soldered joints and 100,000 solder- 
less connectors. 

An estimated 85,310 man-hours went 
into the finished product, roughly 
equivalent to 42 man-years of work. 
Approximately 8350 hours (24 man- 
years) was spent in the drafting stage, 
approximately 44,960 man-hours in en- 
gineering (23 man-years) and about 
32,000 man-hours (16.3 man-years) in 
manufacturing and assembly. 


Organic Moderated Reactor.—A 
new type nuclear power reactor de- 
signed and to be built by Atomics 
International, a division of North 
American Aviation, Inc., has been se- 
lected by American and Foreign Power 
Co. Inc., for installation in a Latin 
American country. The new reactor, 
called the OMR (Organic Moderated 
Reactor ) will produce 10,400 kilowatts 
of electricity. The Latin American 


country where the reactor will be in- 


stalled has not yet been determined. 

Atomics International is currently 
building an experimental OMR type 
reactor for the Atomic Energy Com- 
mission as part of the Commission’s 
- nuclear power development program. 
This reactor will be in operation early 
next year at the Commission’s national 
reactor testing station at Arco, Idaho. 
Final arrangements for installation of 
an OMR in Latin America will de- 
pend upon results of tests with this 
type reactor at Arco and certain other 
development work. 

The OMR will use an organic fluid, 
a carbon-hydrogen compound, to trans- 
fer heat from the atomic fission process 
to a steam generator. The organic 
fluid will also serve to “Moderate” or 
slow down neutrons in the fission proc- 
ess to make more efficient use of the 
nuclear reactor fuel. 

American and Foreign Power se- 
lected the OMR as one of two reactors 
that firm will install in Latin America. 
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The other reactor, a different type, will 
be supplied by General Electric. 

According to Henry B. Sargent, 
president of American and Foreign 
Power, in addition to factors of capital 
and operating costs, the two reactors 
were selected on the basis: of safety, 
technical soundness of design, and the 
fact that the reactors can serve as pro- 
totypes for larger atomic power plants. 
Additionally, Sargent pointed out that 
both reactors could be used for nuclear 
research in the fields of medicine, food 
preservation, the production of radio- 
isotopes and other work in the atomic 
energy field. 


Compact, Industrial Oscilloscope. 
—Development of an extremely com- 
pact, low frequency industrial oscillo- 
scope has been announced by Hycon 
Electronics, Inc., Pasadena, Calif. 
Harry A. Kirkpatrick, general man- 
ager, said the instrument is sensitive 
to both direct and alternating current 
voltages, and has identical horizontal 
and vertical amplifiers to assure accu- 
rate phase angle measurement. The 
new oscilloscope features usable re- 
sponse up to 500 kilocycles and is 
“flat” within three decibels at from 
0 to 300 kilocycles. 

It translates electrical phenomena 
into visual displays, making it possible 
to examine, qualitatively and quantita- 
tively, the characteristics of the electri- 
cal circuit under test. Built-in cali- 
bration voltage enables the user to 
measure the amplitude of voltage while 
it is being observed. 

The instrument is suitable for mount- 
ing in the standard 19-inch relay rack 
or cabinets, Kirkpatrick said. Other 
features include a flat face cathode ray 
tube to minimize distortion ; high grade 
transformers and similar features to 
assure rugged durability; and a mini- 
mum of component parts, facilitating 
service and maintenance. 
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Hycon Electronics, a subsidiary of 
Hycon Mfg. Company, put the instru- 
ment through intensive laboratory and 
field tests prior to its introduction. 

The oscilloscope was designed, Kirk- 
patrick said, to meet the varied re- 
quirements in the electronic, aircraft, 
guided missile, research, chemical, and 
educational fields. 


Beamplexer Redesigned.—The 
Beamplexer, a fast electronic switch 
used to sample up to ten separate sig- 
nal sources and put them out in se- 
quence on a single line, has been thor- 
oughly re-designed to meet testing 
requirements found in the field, it has 
been announced by the Electronic In- 
struments Division of Burroughs 
Corporation. 

One of the most important applica- 
tions of the new Beamplexer is as an 
accessory to the conventional single 
channel oscilloscope. By enabling this 
instrument to display up to 10 separate 
channels of information simultaneously, 
it provides the user with the advan- 
tages of multi-channel oscillography at 
a mere fraction of the cost of a multi- 
channel scope. Individual position and 
amplitude controls for each of the ten 
input channels allow vertical position- 
ing of all the signals on the face of the 
oscilloscope so that they may be super- 
imposed or placed in any desired rela- 
tionship. This direct visual compari- 
son simplifies studies and measurements 
of wave shapes, phase relationships, 
amplitude and frequency, and generally 
increases the application and effective- 
ness of the oscilloscope. 

Each of the Beamplexer’s input 
channels is a.c. coupled to an individual 
triode amplifier which has gain control 
and a pedestal level control in its grid 
circuit. The cathode of each of the 
triode amplifiers is connected to a cor- 
responding target of a Burroughs beam 
switching tube. As the beam steps 
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through its ten positions, at adjustable 
speeds ranging from pushbutton to 100 
ke., current is supplied to the tube con- 
nected to the particular target on which 
the beam is formed. In this way only 
one tube at a time is allowed to con- 
duct through the output circuit. 

Available as a standard rack-mount- 
ing unit or in its own cabinet, the 
Beamplexer is a portable instrument 
containing a regulated power supply 
for a standard 60 cycle, 115 VAC 
source. 

The original Beamplexer was an- 
nounced by the Burroughs division 
about a year ago as one of the appli- 
cations of the then newly developed 
Burroughs beam switching tube. Sev- 
eral instruments which were manufac- 
tured to investigate field application 
proved a widespread need for the in- 
strument in telemetering, internal com- 
bustion studies, vibration analysis, 
servo-mechanism phase measurement, 
neurological studies, and multiplexing. 
The new Beamplexer is the result of 
a re-design project to meet the practi- 
cal needs of these fields, as well as to 
make the instrument more adaptable 
to many others. 


Transistorized Light Meter.— 
Transistors have entered the camera 
shop for the first time with Servo 
Corporation’s unique Servotherm Pho- 
tometer, a transistorized light meter 
that will give direct, dependable and 
accurate readings over an unusually 
wide range—ultraviolet through infra- 
red. 

Germanium transistors developed for 
the new Photometer by Radio Devel- 
opment and Research Corporation, a 
subsidiary of Bogue Electric Manu- 
facturing Co., make possible the com- 
pact size and portability of the preci- 
sion instrument. The transistors are 
not only miniature in size, but they 
also reduce the power needs of the 
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entire Photometer. A few miniature 
batteries will produce enough electric- 
ity to operate the meter, and no ex- 
ternal source of power is needed. 

In addition, RDR’s germanium tran- 
sistors are virtually indestructible and 
will work under almost any condi- 
tions, making the operation of the 
Photometer independent of altitude and 
temperature changes. 

The operation of the meter itself is 
simple. Film response and correction 
filters are internally duplicated and 
direct stop and shutter readings can 
be taken without scale changes, tables 
or computations. The versatile in- 
strument is also applicable to problems 
in color separation and analysis. 

The Servotherm Photometer is avail- 
able through the Servo Corporation of 
America, New Hyde Park, N. Y. 


Air Pollution Paths Traced.—Air 
paths associated with heavy pollution 
concentrations in the Los Angeles area 
have been traced by means of wind re- 
ports from a network of 64 stations 
in the Los Angeles Basin. 

According to Edwin K. Kauper, 
senior meteorologist with the Los An- 
geles County Air Pollution Control 
District, trajectories have been con- 
structed for heavy smog situations from 
1952 to 1955, showing the routes taken 
by air parcels from the time they 
crossed the coast-line until they ar- 
rived at an air sampling station, loaded 
with pollution. 

Flow of polluted air from one geo- 
graphical area to another is an aspect 
of the air pollution problem that is of 
the utmost importance to any organi- 
zation engaged in control activities. 

Speaking before the 49th annual 
meeting of the Air Pollution Control 
Association, Kauper said that the Los 
Angeles County APC District early 
recognized the value of knowing how 
the pollution of the Basin behaved un- 
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der the influence of the wind. Thus 
the network of wind-measuring sta- 
tions was expanded in 1952 for the 
purpose of providing detailed wind 
data applicable to future zoning deci- 
sions. 

Studies of the air movement on 
smoggy days indicate that the air aloft 
is not such that pollution could be 
brought to central L. A. from an area 
other than that determined by tra- 
jectory construction based on wind 
reports. 

Evidence presented by these trajec- 
tories has forced a re-evaluation of 
pollution sources since nearly all cases 
indicated a flow over predominately 
residential rather than industrial sec- 
tions of the Los Angeles Basin. 


Electro-Hydraulic “Yes Man.”— 
A two-armed electro-hydraulic “slave” 
that could perform sensitive mechani- 
cal tasks in New York at the bidding 
of its “master” in San Francisco has 
been developed by General Electric 
engineers. Nicknamed “Yes Man” by 
its creators, the new machine is the 
most dexterous master-slave manipu- 
lator yet devised. It is designed pri- 
marily to do the work of a mechanic 
in radioactive areas in which it is too 
dangerous for a mechanic to work. 

“Yes Man” is actually twins—two 
almost identical pairs of mechanical 
arms and hands that somewhat re- 
semble a dentist’s drill rigs. The 
“slave” is a virtual twin to the “mas- 
ter,” except that it has claw-like fingers 
on each hand and has no operator’s 
seat. Its arms, elbows, wrists, hands 
and fingers are electronically geared to 
duplicate simultaneously the exact mo- 
tions of the “master.” 

To perform a given mechi.nical task, 
the operator seats himself in the “mas- 
ter” seat, straps his own arms and 
fingers into the mechanical arms and 
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fingers, and watches the “slave” dupli- 
cate each motion he makes. 

This latest advance in mechanical 
hands was developed and built in Gen- 
eral Electric’s General Engineering 
Laboratory for the company’s Aircraft 
Nuclear Propulsion Department under 
contract with the U. S. Air Force. 

The same laboratory earlier devel- 
oped “O-Man,” the world’s largest 
and strongest mechanical arm. 

“Yes Man’s” forte is dexterity. It 
has two fingers and a thumb on each 
hand, plus wrists and elbows, to give 
it wide flexibility. 

Instead of pushing buttons and con- 
trols, the operator actually goes 
through the desired arm and finger 
motions for the task at hand. Operat- 
ing the “master” machine, he actually 
can “feel” the force encountered by 
the slave as it tackles a job. 

This sensitive touch enables him to 
control the slave with high proficiency 
in handling a wrench or a screwdriver, 
pouring water, placing objects or vir- 
tually any other mechanical chore. 

It permits him to perform intricate 
operations in hazardous radioactive 
areas remotely and at a safe distance. 

Were the slave on the Atlantic coast 
and the master on the Pacific coast, 
“Yes Man” would require many tele- 
phone channels and, to see what he’s 
doing, one TV channel. Despite the 
mileage, the operator in San Francisco 
could still “feel” what the slave in New 
York was encountering. Normally the 
distances are nowhere near as large 
and the problem of interconnecting 
master and slave is simpler. 

This unprecedented design gives 
“Yes Man” a big jump and makes it 
more dexterous than any known man- 
ipulator. Although not the strongest 
manipulator ever built, it is the strong- 
est “spatial correspondence” system yet 
devised—that is, the strongest manipu- 
lator giving the operator the advan- 


CURRENT 


Topics (J. F. 1. 
tages of controlling many complex mo- 
tions in a “normal” manner without 
having to think about which push but- 
tons must be operated to achieve the 
desired motions. It can lift up to 100 
Ib. in certain positions and 25 Ib. in 
any position. 

The system consists of two master 
arms, one left and one right, each with 
two fingers and a thumb; left and 
right arms on the slave with corre- 
sponding finger arrangement ; two sep- 
arate hydraulic pumps, a rack of elec- 
tronic amplifiers, and two groups of 
electro-hydraulic valves. 

The electro-hydraulic valves convert 
the electrical signal into hydraulic 
power, which in turn operates the 
slave and gives the master its ability 
to “feel.” 

The slave can be mounted on a 
variety of devices to extend its work 
area—overhead cranes, rollers, a dolly, 
remote control truck or whatever is 
practical to obtain access to its work. 

The developmental model built in 
the Schenectady Laboratory is cur- 
rently undergoing operational tests. 
G-E engineers are already experiment- 
ing to make the machine’s hands even 
more dexterous. 


Positive Temperature Coefficient 


Thermistors.—Successful fabrication 
of thermistor materials having large 
positive temperature coefficients was 
revealed recently by two Bell Tele- 
phone Laboratories engineers speak- 
ing at the IRE-RETMA-AIEE- 
WCEMA Electronic Components Sym- 
posium in Washington, D. C. 

Harold A. Sauer and Steward S. 
Flaschen discussed the preparation of 
one material having a positive tempera- 
ture coefficient from about — 50° C. to 
110° C., with the coefficient reaching 
a value as high as 9% /° C. Another 
material of slightly different composi- 
tion was found to have a positive tem- 
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perature coefficient from about 50° C. 
to 225° C., with a maximum coefficient 
of 14%/° C. 

These materials in general consist of 
barium titanate or barium-strontium ti- 
tanates to which small amounts of lan- 
thanum have been added. By properly 
proportioning the various components, 
a wide variety of characteristics can 
be obtained. The resulting materials, 
after proper processing, are electrically 
and thermally stable over operating 
temperature ranges. 

At voltages below which power dis- 
sipation causes no perceptible heating, 
these thermistors are ohmic in char- 
acter, that is, the resistance does not 
change as the applied voltage is 
changed. Suitable ohmic contacts con- 
sist of an indium-mercury amalgam 
which is rubbed on at the desired con- 
tact point. 


Instruments Equipped with “Sixth 


Sense.”—Special instruments equipped 


with a “sixth sense’ have been de- 
signed by General Electric Company 
engineers to help control complicated 
chemical manufacturing processes at 
the Atomic Energy Commission’s Han- 
ford plant. 

R. J. Brouns, General Electric chem- 
ist employed at Hanford, described 
two such “sixth sense” instruments in 
a paper presented before the 1956 Gen- 
eral Electric Analytical Conference. 
General Electric operates the Hanford 
plant for the AEC. 

Both instruments measure properties 
of chemical solutions continually dur- 
ing production runs, helping operating 
engineers keep close control over re- 
sults and helping obtain a uniform op- 
eration. Data from the instruments 
are available for immediate use and 
process correction. Formerly several 
hours were often necessary to obtain 
analytical results from laboratory tests. 

One of the instruments described by 
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Brouns uses a by-product of plutonium 
production as a help in gathering data 
necessary to control that production. 
Atomic rays given off by a radioactive 
isotope are used to measure properties 
of materials under processing. By 
measuring the amount of radioactivity 
absorbed by the material, technicians 
can determine changes in the flow of 
materials under process. 

Another instrument adapted by Gen- 
eral Electric engineers for their own 
purposes uses a light bulb for its yard- 
stick and a photoelectric cell as a meas- 
uring device. The light is filtered to 
select the wave lengths best suited to 
the measurements wanted. The 
amount of light passing through the 
filter is known to technicians and the 
amount that reaches the cell after 
passing through the material to be 
measured is reported on an electronic 
recorder. The light absorbed by the 
material under process is the “key” 
to the property to be determined. 

This device has been designed with 
an eye for use in measuring radioac- 
tive materials, so its advantages are 
found in being cheap, virtually un- 
breakable, acid and fume resistant and 
in the fact that it can be quickly in- 
stalled. The control unit for the sens- 
ing device can be located some 50 to 
100 ft. away. 

Units such as these are the first step 
toward automation in chemical proc- 
essing, Brouns told his audience. To- 
day engineers must read the data col- 
lected for them by these “sixth sense” 
machines, and then make manual 
changes to correct for errors reported. 
Further development should lead to 
automatic control of these plants. Be- 
fore this can be developed, however, 
chemical engineers have an expensive 
and time consuming job before them 
in collecting the needed data for deriv- 
ing the equations that will make true 
automation possible. 
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Fume- and Odor-Removing Equip- 
ment.—An actual working model of a 
newly designed unit to control fumes, 
odors and microscopic solids was dem- 
onstrated by The Johnson-March Cor- 
poration, Philadelphia, at the annual 
convention of the Air Pollution Control 
Association, in Buffalo, N. Y. 

The equipment, known as the Type 
A Hydro Precipitator Scrubber, is en- 
tirely different from all other types of 
dust-collecting scrubbers. It is engi- 
neered to remove low and sub-micron 
size particles from exhaust gases at 
extremely high efficiency. 

In test situations, the new unit has 
performed at 99.8 per cent efficiency 
with dust loadings at five grains per 
cubic feet and 70 per cent of the mate- 
rial below five-micron particle size. 

The model had glass doors and 
panels, and an illuminated interior to 
show construction features. Water was 
re-circulated through the unit to show 
the method of operation. Visitors saw 
how the violent water turbulence and 
vigorous scrubbing action wets, traps, 
separates and forces solid matter to the 
bottom ... thus following the com- 
plete dust removal cycle. 

The unit on display was a 500-cfm 
all-metal scrubber measuring 8 ft. high 
by 4 ft. long by 3 ft. wide. 


Camera Records Instrument Read- 
ings.—An “eye” that never sleeps 
keeps a constant watch over vital in- 
strument dials inside an atomic reactor 
control room at the vast Hanford plu- 
tonium plant. 

The eye is the lens of a 16-millimeter 
motion picture camera mounted on a 
platform near the ceiling of the con- 
trol room. Focused on the instrument 
panel, the camera grinds intermittently, 


filming a permanent record of instru- 
ment readings. 

General Electric scientists and engi- 
neers have applied this creation of the 
film industry on an experimental basis 
to an important phase of operation of 
the plant which the company operates 
for the Atomic Energy Commission. 

They believe that in the time of a 
breakdown or minor mechanical fail- 
ure, reactor operators will be too oc- 
cupied with their immediate problems 
to recall the exact position of various 
dials just before or immediately after 
the incident. 

To make certain this important in- 
formation is recorded, the camera re- 
tains the readings on “slowed-down” 
movie film, the result of exposing film 
frames at established intervals. Ex- 
posure of a frame every few seconds 
or minutes, rather than many frames a 
minute as in ordinary moving pictures, 
speeds the apparent action of instru- 
ment dials when the finished motion 
picture is viewed. The same _ tech- 
nique has been applied to speed the 
opening of a flower and the movement 
of tides. 

The Hanford apparatus includes a 
16-millimeter motion picture camera 
and an interval timer set to trigger the 
camera and expose film at the rate of 
one frame every second to 20 minutes. 
During the crucial startup of a nuclear 
reactor, the timer is set for 10-second 
intervals. As the chain reaction within 
the reactor approaches normal operat- 
ing level, the camera timer is cut back 
to expose fewer frames per minute until 
it is geared to expose a frame of film 
every 15 minutes. An automatic timer 
turns on lights just before the shutter 
is opened to provide sufficient illumina- 
tion. The slightest deviation in the 
chain reaction process can be detected. 
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